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ABSTRACT
SPATIAL PERCEPTION AS A PREDICTOR OF SUCCESS 
IN HIGHER MATHEMATICS 
by
Lou Ann Rolen
The problem  o f  t h i s  s tu d y  was to  d e te rm in e  i f  s p a t i a l  p e rc e p tio n  
cou ld  be a p r e d ic to r  o f  su c c e ss  in  h ig h e r  m athem atics.
T his s tu d y  f i r s t  showed c o r r e l a t i o n s  o f  th e  r e s u l t s  o f  th re e  
s p a t i a l  p e rc e p tio n  t e s t s  ta k e n  by h ig h -sc h o o l s tu d e n ts  w ith  t h e i r  f i n a l  
geom etry g rad es . S t r u c tu r e  o f  th e  I n te l l e c t - L e a r n in g  A b i l i ty  s u b te s ts  
CFS (c o g n it io n  o f f l g u r a l  sy stem s) and CFT (c o g n it io n  o f f ig u r a l  
tr a n s fo rm a tio n s ) ,  a s  w e ll a s  D i f f e r e n t i a l  A p titu d e  T es ts-S p ace  R e la tio n s  
s u b te s t ,  were used . C o r r e la t io n s  were th en  computed fo r  h ig h -sc h o o l 
geom etry g rad es  w ith  c a lc u lu s  I  g ra d e s . Geometry th u s  was used a s  a 
b r id g e  between s p a t i a l  p e rc e p tio n  and c a lc u lu s  perform ance. Secondly , 
th e  in v e s t ig a to r  e x p lo re d  any d if f e r e n c e  in  perform ance by th e  sex es  in  
a l l  o f the  v a r ia b le s .
Of th e  10 h y p o th eses  t e s t e d ,  th e  f i r s t  fo u r su sp ec ted  s i m i l a r i t i e s .  
Pearson product-m om ent was u t i l i z e d  to  t e s t  th e s e .  The rem ain ing  s ix  
hypo theses te s te d  fo r  d i f f e r e n c e s  betw een th e  sex es  th rough  u se  o f  
t - t e s t s  fo r  in d ep en d en t g ro u p s . M u ltip le  r e g re s s io n  a n a ly s is  was 
employed to  d e te rm in e  th e  com b in atio n  o f  v a r ia b le s  which c o r r e la te d  
s ig n i f i c a n t l y  w ith  f i n a l  geom etry g ra d e s , th en  w ith  c a lc u lu s .
The f iv e  i n t a c t  geom etry c l a s s e s  a t  T ennessee High School, B r i s t o l ,  
Tennessee, w ere g iven  th e  CFS and CFT t e s t s ,  c o n s is t in g  o f  26 problem s 
each . D i f f e r e n t i a l  A p titu d e  T e s ts -S p a c e  R e la tio n s  r e s u l t s  were o b ta in e d  
from th e  s t u d e n t 's  perm anent r e c o rd s .  Out o f  an e n ro llm e n t o f  135, 112 
s tu d e n ts  were p re s e n t  f o r  t e s t i n g .  Of th e  112, th e re  were 51 m ales and 
61 fem ales. The t e s t i n g  d a te  was A p r i l  26, 19B4.
The c o l le g e  d a ta  w ere o b ta in e d  e n t i r e l y  from th e  perm anent re c o rd s  
a t  King C o lleg e . A ll  s tu d e n ts  who had tak en  c a lc u lu s  I  o v er th e  l a s t  
f iv e  y e a rs  com prised a p o p u la tio n  o f  179. Of th i s  number 104 were male 
and 75 were fem ale.
A n a ly s is  o f each  p r e d ic to r  v a r ia b le  w ith  h ig h -sc h o o l geom etry g rad es  
showed a s ig n i f i c a n t  c o r r e l a t i o n  ( a t  a  » .0 5 ) f a r  CFS, CFT and 
D if f e r e n t ia l  A p titu d e  T e s ts .  CFS and D i f f e r e n t i a l  A p titu d e  T e s ts  had 
s tro n g  c o r r e l a t i o n s .  P earso n  product-m om ent showed a low , bu t 
s ig n i f i c a n t  c o r r e l a t i o n  betw een CFT and th e  geom etry g rad es . The 
Spearman Rho t e s t ,  however concluded  th a t  t h i s  c o r r e l a t i o n  was no t
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s ig n if ic a n t: .  A n a ly sis  showed a  s tro n g  p o s i t iv e  c o r r e la t io n  between 
h ig h -sch o o l geom etry grades and perform ance in  c a lc u lu s  I .  The 
com bination o f  th e se  two a n a ly se s  would in d ic a te  th a t  th e  tw o-dim ensional 
s p a t i a l  p e rc e p tio n  t e s t  i s  a good p re d ic to r  o f  su ccess  in  c a lc u lu s  I .
There was no s ig n i f i c a n t  d i f f e re n c e  between th e  sc o re s  o f  m ales and 
fem ales in  any o f  th e  a re a s  te s te d  (CFS, CFT, D i f f e r e n t ia l  A p titu d e  
T e s ts ,  geom etry, c a lc u lu s ) .  However, th e  c a lc u lu s  I  g rades  o f th o se  
s tu d e n ts  who had had no p rev io u s  c o lle g e  math co u rse s  were s ig n i f i c a n t ly  
b e t t e r  th an  those  who had had one, two, o r  th re e  c o u rse s .
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CHAPTER 1 
In tro d u c t io n
An im p o rtan t item  on the  agenda o£ Congress in  1984 was f i n a l  a c t io n  
on th e  Emergency M athem atics and S cience  E ducation  A ct, passed  by th e  
House o f  R e p re se n ta tiv e s  d u rin g  1983, b u t s t i l l  pending in  th e  U nited 
S ta te s  S en a te . T his b i l l  i s  d ir e c te d  toward lo c a l  schoo l d i s t r i c t s  in  
the  form o f m ill io n s  o f d o l l a r s  f o r  th e  Improvement o f math and sc ie n c e  
ed u ca tio n  o p p o r tu n i t ie s .
In  r e c e n t  y e a rs , th e  need fo r  q u a l i f ie d  m athem atics and sc ie n c e  
te a c h e rs  has e s c a la te d  r a p id ly ,  due p r im a r ily  to  c o m p e titio n  from 
b u s in e ss  and in d u s try .  As "com puter" became a household word, th o se  who 
un d erstood  th e i r  o p e ra t io n  ( fo r  th e  most p a r t ,  m athem atic ians) became a 
h ig h ly  d e s i r a b le  commodity. In  an  e f f o r t  to  keep up w ith  t h i s  demand, 
l e g i s l a t i o n  has been enac ted  in  s e v e ra l  s t a t e s  r e q u ir in g  a t  l e a s t  two 
y e a rs  o f  math and s c ie n c e  in  h ig h  sch o o l. T h is  w e ll - in te n t io n e d  move 
made te a c h e rs  o f  th e se  s u b je c ts  in  even s h o r te r  sup p ly . Not on ly  
q u a n t i ty  bu t th e  q u a l i ty  o f  te a c h e rs  has been a f f e c te d .  A re c e n t  
a r t i c l e  in  The E xecu tive  E ducator (O 'Shea, 1984) suggested  " h ig h e r  
s a l a r i e s  to  a t t r a c t  and ho ld  h ig h -q u a l i ty  te a c h e rs  in  a re a s  o f  sh o r ta g e s , 
such as  s c ie n c e  o r  math, where th e  on-go ing  b ra in  d ra in  to  in d u s try  i s  
s e r io u s ly  d e b i l i t a t i n g  th e  q u a l i ty  o f  c lassro o m  te a c h in g "  (p . 21 ).
1 9 8 4 -F a ll, 20 to  30 q u a l i f ie d  te a c h e rs  from Germany, h o ld in g  th e  
e q u iv a le n t o f  a  B.A. in  m athem atics and M.A. in  e d u c a tio n , began 
te a c h in g  in  th e  s t a t e  o f  G eorg ia . Communication i s ,  o f  c o u rse , G e o rg ia 's
m ajor concern . The t r a in in g  o f  Americans to  do th i s  jo b  should  be the 
concern  o f our e d u c a tio n  system .
America has a problem . The w r i te r  does n o t presume to  have a 
p e r f e c t  s o lu t io n ,  r a th e r  a su g g e s tio n ; th a t  i s ,  e a r ly  d e te c t io n  o f  
p o te n t ia l  math te a c h e rs  th rough sim ple s p a t i a l  p e rc e p tio n  t e s t s .  These 
s tu d e n ts  shou ld  then  be encouraged, gu id ed , and su b sid iz e d  i f  n e c e ssa ry  
toward th e  s tudy  o f  c o lle g e  m athem atics.
The Problem
S tatem ent o f  th e  Problem
The problem  o f t h i s  study  was to  d e term ine  i f  s p a t i a l  p e rc e p tio n  
cou ld  be a  p r e d ic to r  o f su ccess  in  h ig h e r m athem atics.
S ig n if ic a n c e  o f  th e  Study
Many s tu d ie s  have been done on p r e d ic to r s  o f  su ccess  in  c o lle g e  
m athem atics. There have a ls o  been many c o r r e la t io n s  between s p a t i a l  
p e rc e p tio n  and perform ance in  geom etry. However, t h i s  r e s e a rc h e r  found 
no s tu d ie s  which b rid g e  th e  gap between s p a t i a l  p e rc e p tio n  and c o l le g e  
m athem atics perform ance. S ig n if ic a n t  c o r r e l a t i o n s  in  th e se  a re a s  could  
le a d ,  n o t o n ly  to  e a r ly  d e te c t io n  o f  t a l e n t ,  b u t a ls o  to  r e f in e d  s p a t i a l  
p e rc e p tio n  t e s t s  and h ig h  schoo l cu rric u lu m  r e v is io n .  I t  ap p ea rs  th a t  
s p a t i a l  p e rc e p tio n  can be re f in e d  and im proved. High schoo l geom etry 
i s  p robab ly  th e  s e t t i n g  fo r  t h i s  endeavor.
The l i t e r a t u r e  seems to  in d ic a te  th a t  geom etry i s  th e  most n e g le c te d  
a re a  o f  e lem en tary  schoo l math. S o lid  geom etry i s  f a s t  d isa p p e a r in g  
from th e  h igh  schoo l cu rricu lu m . P lane geom etry has been re le g a te d  to
3a freshm an/sophom ore c l a s s .  With l e s s  m ature s tu d e n ts  th e re  i s  a 
sm a lle r  chance o f  re a c h in g  th o se  l a s t  two c h a p te rs  on s o lid  geom etry.
T his w r i te r  w i l l  use geom etry as  a "b rid g e"  from s p a t i a l  p e rc e p tio n  
t e s t s  o f  h igh  schoo l s tu d e n ts  to  perform ance in  C alcu lu s  I .  C a lcu lu s  
was chosen a s  the  fo c a l p o in t o f th e  c o l le g e  s tudy  fo r  two rea so n s :
(a) i t  i s  the h ig h e s t o f  fo u r e n try  le v e ls ,  and (b) i t  o f f e r s  an 
o p p o rtu n ity  to compare the  perform ance o f  those  s tu d e n ts  who have had 
some c o l le g e  math w ith  those  who have n o t.
A lgebra in v o lv e s  th e  a p p l ic a t io n  o f  m echanical thought p ro c e s se s . 
Geometry i s  v is u a l ,  s p a t i a l ,  l o g i c a l .  I t  cannot be memorized beyond 
c e r t a in  b a s ic  r u le s .  The s p a t i a l  a b i l i t y  invo lved  i s  a g i f t ,  bu t one 
which can be developed and s tre n g th e n e d .
I t  has been shown th a t  s p a t i a l  co n cep ts  a re  im p o rtan t to  th e  
developm ent o f  re a so n in g  and problem  so lv in g  (W alter, 1981). T his s tudy  
should  be s ig n i f i c a n t  in  d e te rm in in g  i f  t h i s  a b i l i t y  o f  s p a t i a l  p e rc e p tio n  
le a d s  to  s u p e r io r  perform ance in  geom etry and su b seq u en tly  in  c a lc u lu s .
Of p r a c t i c a l  s ig n if ic a n c e  w i l l  be a  r e g re s s io n  e q u a tio n  fo r  p r e d ic t io n  
o f  su ccess  in  c a lc u lu s .  A s tu d e n t 's  h ig h  school geom etry grade cou ld  
rea so n ab ly  d e term in e  th e  p lacem ent le v e l  fo r  su ccess  in  c o l le g e .
The s ig n if ic a n c e  o f  th e se  p a r t i c u l a r  t e s t s  to  th e  s tu d y  a re  a s  
fo llo w s:
1 , D i f f e r e n t ia l  A p titu d e  T e s ts  ( h e r e a f te r  r e f e r r e d  to  a s  DAT) a re  
commonly ad m in is te re d  to  incom ing freshm en a t  h igh  sc h o o ls . The space 
r e l a t io n s  s e c t io n  was r e a d i ly  a v a i la b le  fo r  th e  h igh  schoo l s tu d e n ts  
s tu d ie d , and w il l  be u t i l i z e d  to  w hatever e x te n t i t  i s  a v a i la b le  on th e  
c o l le g e  re c o rd s .
2 . C ogn ition  o f F ig u ra l Systems ( h e r e a f te r  r e f e r r e d  to  a s  CFS) i s  
a  m easure o f th e  s tu d e n t 's  a b i l i t y  to  reco g n ize  tw o-d im ensional f ig u r e s  
which have been r o ta t e d ,
3 , C ogn ition  o f F ig u ra l T ran sfo rm atio n s ( h e r e a f te r  r e f e r r e d  to  a s  
CFT) i s  a  measure o f the  s tu d e n t 's  a b i l i t y  to  p ic tu r e  in  h i s /h e r  mind 
what th e  h idden  s id e  o f  a th re e -d im e n sio n a l f ig u re  lo o k s l i k e .
The CFS and CFT t e s t s  were a d m in is te re d  and sco red  by th e  r e s e a r c h e r .  
A com parison o f  th e  th re e  t e s t s ,  d e sc rib e d  in  c h a p te r  3, cou ld  be 
s ig n i f i c a n t  in  choosing  th e  most e f f e c t iv e  p r e d ic to r .
H ypotheses
The fo llo w in g  hypo theses were fo rm u la ted  fo r  th e  purpose o f  t h i s  
s tu d y . They a re  h e re  s ta te d  in  the  re s e a rc h  form at and te s t e d  a t  th e  
.05 le v e l  o f  s ig n if ic a n c e .
H^i There w i l l  be a  s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between 
s tu d e n ts ' s c o re s  on CFS and th e i r  f i n a l  g rades in  geom etry.
H^: T here w i l l  be a s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between
s tu d e n ts ' s c o re s  on CFT and t h e i r  f i n a l  g rades i n  geom etry.
H^: There w i l l  be a s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between th e
s tu d e n ts ' DAT-Space R e la tio n s  t e s t  and t h e i r  f i n a l  g rades  in  geom etry.
H^: There w i l l  be a s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between th e
f i n a l  g rades  in  h ig h  schoo l geometry and s tu d e n t perform ance in  C a lcu lu s
I .
There w i l l  be a  s ig n i f i c a n t  d if f e r e n c e  between th e  sc o re s  o f  
m ales and fem ales on th e  DAT-Space R e la tio n s  t e s t .
Hfi: There w il l  be a s ig n i f i c a n t  d i f f e r e n c e  between th e  sc o re s  o f
m ales and fem ales on th e  CFS t e s t .
H^: There w i l l  be a  s ig n i f i c a n t  d i f f e r e n c e  between th e  s c o re s  o f
m ales and fem ales on th e  CFT t e s t .
Hg: There w i l l  be a  s ig n i f i c a n t  d i f f e r e n c e  in  th e  f i n a l  geom etry
grades betw een m ales and fem ales .
H^: There w i l l  be a  s ig n i f i c a n t  d if f e r e n c e  between mean c a lc u lu s
g rades o f  m ales and fem ales .
H^q! There w i l l  be a  s ig n i f i c a n t  d if f e r e n c e  between th e  c a lc u lu s  
g rades o f th o se  s tu d e n ts  who had a p rev io u s  c o l le g e  math co u rse  and 
th o se  whose c o l le g e  e n try  le v e l  was C alcu lus I .
Assum ptions
The fo llo w in g  assum ptions were co n s id e re d  r e le v a n t  to  t h i s  s tu d y :
1 . E a rly  d e te c t io n  o f s tu d e n ts  who would be s u c c e s s fu l in  c o l le g e  
math would be u s e fu l  In  g u id in g  them tow ard f u l l  p ro d u c t iv i ty  in  th a t  
f i e l d .
2. The s e l f - s e l e c t i o n  p ro cess  o f  ta k in g  geom etry would n o t be an 
in f lu e n c in g  f a c to r .
3. The In s tru m en ts  used in  g a th e r in g  d a ta  w ere v a l id  and r e l i a b l e  
a s  s ta te d  in  th e i r  l i t e r a t u r e .
4 . The g rad in g  s c a le s  and te ch n iq u es  o f  a l l  geom etry and c a lc u lu s  
te a c h e rs  in c lu d ed  in  th e  s tu d y  were e s s e n t i a l l y  th e  same.
5 . M o tiv a tio n , a s  an  in f lu e n c in g  f a c to r ,  would a f f e c t  e q u a lly  th e  
ta k in g  o f  th e  t e s t  and o b ta in in g  th e  geom etry g rad e .
6. I f  th e re  i s  a  h igh  p o s i t iv e  c o r r e l a t io n  between s p a t i a l  
p e rc e p tio n  and th e  f i n a l  g rade in  geom etry w ith  th e  group te s t e d ,  th e n  
a  f i n a l  geometry grade co u ld  se rv e  as  a " b r id g e "  to  th e  c o l le g e  su ccess  
se a rc h .
L im ita tio n s
The fo llo w in g  l im i t a t i o n s  were p laced  on t h i s  s tu d y :
1 . The rev iew  o f  th e  l i t e r a t u r e  was l im ite d  to  m a te r ia l  a v a i la b le  
a t  th e  l i b r a r y  o f  E ast Tennessee S ta te  U n iv e rs ity , Johnson C ity , 
T ennessee , and King C o lleg e , B r i s to l ,  T ennessee; th e  ERIC sea rch ; 
m a te r ia l  a v a i la b le  th rough  i n t e r l i b r a r y  loan  s e rv ic e  and m ic ro fich e  a t  
E as t Tennessee S ta te  U n iv e rs ity ; m a te r ia ls  o f  r e l i a b i l i t y ,  v a l id a t io n ,  
and e x p la n a tio n  from th e  SOI I n s t i t u t e ,  El Segundo, C a l ifo rn ia ;  and 
D i f f e r e n t ia l  A p titu d e  T e s ts  (The P sy c h o lo g ic a l C o rp o ra tio n ) , New York,
2 . The a d m in is tr a t io n  o f  s p a t i a l  p e rc e p tio n  t e s t s  (CFS and CFT) 
was l im ite d  to  th e  f iv e  i n t a c t  geom etry c l a s s e s  a t  Tennessee High, 
B r i s to l ,  T ennessee.
3 . The s p a t i a l  p e rc e p tio n  t e s t i n g  was l im ite d  to  th e  112 s tu d e n ts  
p re s e n t on A p ril 26, 1984 (o u t o f  a  p o s s ib le  1 3 5 ), c o n s is t in g  o f  31 
m ales and 61 fem ales.
4 . F in a l g rad es  in  geom etry were d e liv e re d  by th e  two r e g u la r  
c lassroom  te a c h e rs .
5 . The use o f  DAT S p a t ia l  T e s ts  was l im ite d  to  th o se  s tu d e n ts  w ith  
t h i s  sco re  as  a  p a r t  o f  t h e i r  perm anent reco rd  (86 .52  o f  th o se  t e s t e d ) .
6 . T e s ts  g iven  a t  Tennessee High were l im ite d  to  th o se  s tu d e n ts  
whose p a re n ts  signed  a  perm issio n  s l i p  (se e  Appendix B), (One hundred 
p e rc e n t o f  those  p re s e n t had a p e rm issio n  s l i p . )
7. In fo rm atio n  abou t King C ollege s tu d e n ts  was made a v a i la b le  to  
th e  w r i te r  w ith  th e  l i m i t a t i o n  th a t  a  code be developed to  re p la c e  
names. Names would never appea r an th e  w r i t e r ’ s re c o rd s .
8. The stu d y  was l im ite d  to  v i s u a l - s p a t i a l  p e rc e p tio n , w ith  no 
a tte m p t to  ad d re ss  a u d la l  o r  ta c tu a l  a b i l i t i e s .
D e f in it io n  o f  Terms
D e f in it io n  o f  th e  fo llo w in g  term s seemed a p p ro p r ia te  fo r  th e  s tu d y :
1. A rith m e tic  mean—A kind  o f av erage  u s u a lly  r e f e r r e d  to  a s  " th e  
m ean." I t  i s  o b ta in ed  by d iv id in g  th e  sura o f  a  s e t  o f  sc o re s  by t h e i r  
number (M itc h e ll,  no d a te  g iv e n ).
2. CFS—C ogn ition  o f F ig u ra l System s—One o f th e  26 s u b te s ts  o f 
Mary M eeker's SOI-LA t e s t s ,  designed  to  m easure, n o n -v e rb a lly , th e  
Constance o f  o b je c ts  in  space . A tw o-d im ensional measure o f  s p a t i a l  
p e rc e p tio n  (Meeker & Meeker, 1967).
3. CFT—C ogn ition  o f  F ig u ra l T ran sfo rm a tio n s—A measurement o f  
a p a t i a l  c o n se rv a tio n ; th re e -d im e n s io n a l s p a t i a l  p e rc e p tio n  (Meeker
& Meeker, 1967).
4 . C o e f f ic ie n t  o f  c o r r e la t io n —A measure o f  th e  deg ree  o f  
r e la t io n s h ip  between two s e t s  o f  m easures fo r  th e  same group o f 
In d iv id u a ls .  The c o e f f i c ie n t  o f  c o r r e la t io n  most f re q u e n t ly  used in  
e d u c a tio n a l re s e a rc h  i s  P e a rso n 's  product-moment r .  C o r re la t io n  
c o e f f i c ie n t s  range from .00 d e n o tin g  a com plete absence o f  r e la t io n s h ip ,
to  +1 .00 and to  -1 .0 0 , I n d ic a t in g  a p e r f e c t  p o s i t iv e  o r  a p e r f e c t  
n e g a tiv e  co rresp o n d en ce , r e s p e c t iv e ly  (M itc h e ll, no d a te  g iv e n ) .
5 . C o r re la t io n —R e la tio n sh ip  between two s e t s  o f  s c o re s  o r  
m easures; tendency o f  one s e t  o f  sc o re s  to  v ary  w ith  a n o th e r ; no c a u s a l 
in f lu e n c e  In d ic a te d  (M itc h e ll ,  no d a te  g iv e n ).
6 . DAT—D if f e r e n t ia l  A p titu d e  T e s ts —A measurement o f  a b i l i t i e s , ,  
v e ry  popu la r w ith  h igh  sch o o ls  f o r  g e n e ra l r e fe re n c e . The s u b te s t  o f  
space r e la t io n s  r e q u ir e s  th e  m atching o f  a  g iven  tw o-dim ensional 
p a t te r n  w ith  a s e t  o f i l l u s t r a t e d  th re e -d im e n s io n a l s o l id s  (B en n e tt, 
Seashore, & Wesman, 1972).
7. D is tr ib u t io n  (freq u en cy  d i s t r i b u t i o n ) —A ta b u la t io n  o f  sc o re s  
o f a group o f  in d iv id u a ls  to  show th e  number (freq u en cy ) o f  each s c o re ,  
o r  those  w ith in  th e  range  o f  each in te r v a l  (M itc h e ll ,  no d a te  g iv e n ) .
8. F ac to r a n a ly s i s —Any o f  s e v e ra l  methods o f  a n a ly z in g  th e  
in t e r c o r r e la t io n  among a  s e t  o f  v a r ia b le s ,  such a s  t e s t  s c o re s . I t  
a tte m p ts  to  d e term ine  how much o f  th e  v a r ia t io n  i n  each o f  th e  o r ig in a l  
m easures a r i s e s  from each o f  th e  h y p o th e tic a l  f a c to r s  (M itc h e ll,  no 
d a te  g iv e n ) .
9. Median—T hat sc o re , in  a s e t  o f  ranked s c o re s ,  which d iv id e s  
th e  group in to  two e q u a l p a r ts  (M itc h e ll ,  no d o te  g iv e n ).
10. M u ltip le  c o r r e la t io n  c o e f f i c i e n t  (R)—A measure o f  th e  m agnitude 
o f  a r e la t io n s h ip  between th e  c r i t e r i o n  (dependent) v a r ia b le  and a 
p re d ic to r  (Independent v a r ia b le )  (Barg & G a ll, 1983, p . 600).
11. M u ltip le  r e g re s s io n —A m u l t iv a r ia te  tech n iq u e  fo r  d e te rm in in g  
th e  c o r r e l a t io n  between a c r i t e r i o n  v a r ia b le  and some com bination  o f 
two o r more p r e d ic to r  v a r ia b le s  (Borg & G a ll , 1983, p. 596).
12. N on-verbal t e s t —A t e s t  which does n o t re q u ire  th e  use  o f  
words in  th e  item  o r  in  th e  re sp o n se  to  i t .  (O ra l d i r e c t io n s  may be 
Inc luded  in  th e  fo rm u la tio n  o f  th e  ta sk )  (M itc h e ll ,  no d a te  g iv e n ).
13 . Raw sc o re —The f i r s t  q u a n t i ta t iv e  r e s u l t  o b ta in ed  in  sc o r in g  
a  t e s t  (M itc h e ll,  no d a te  g iv e n ) .
14. R eg ression  l i n e —When th e  r e la t io n s h ip  between two v a r ia b le s  
i s  p lo t te d  g ra p h ic a lly  a l i n e  i s  drawn th rough , o r  n e a r ,  th e  c o o rd in a te  
p o in ts ,  known as  th e  l i n e  o f  b e s t  f i t ,  o r  r e g re s s io n  l i n e .  I t  i s  th e  
l i n e  from which th e  sum o f a l l  th e  d e v ia tio n s  o f  a l l  th e  c o o rd in a te  
p o in ts  has th e  sm a lle s t p o s s ib le  v a lu e . Used fo r  p r e d ic t io n  (B es t,
1977, p . 245).
15. Skewed d i s t r i b u t i o n —A d i s t r i b u t io n  which d e p a r ts  from 
symmetry about th e  mean (M itc h e ll,  no d a te  g iv e n ).
16. S O I-L A --S tructure  o f  th e  I n te l le c t - L e a rn in g  A b i l i t i e s —Mary 
M eeker’ s t e s t s  composed o f 26 I s o la te d  le a rn in g  a b i l i t i e s .  Based on 
G u i l fo rd 's  S tru c tu re  o f  th e  I n t e l l e c t  "m ental b lo c k ."  (See th e  t e s t s )  
(Meeker & Meeker, 1967).
17 . S p a t ia l  p e rc e p tio n  (o r  a b i l i t y ) —The a b i l i t y  to  m a n ip u la te , 
re c o g n iz e , o r  tran sfo rm  th e  image o f  s p a t i a l  p a t te r n s  in to  o th e r  
arrangem en ts. R equires e i t h e r  th e  m ental r e s t r u c tu r in g  o f  a f ig u re
in to  components f o r  m a n ip u la tio n  o r th e  m ental r o ta t io n  o f a s p a t i a l
c o n f ig u ra tio n  (Ekstrom , French, Harmon, & Dermon, 1976),
18 . S tandard  d e v ia t io n —A m easure o f  th e  v a r i a b i l i t y  o f  d is p e rs io n  
o f  a d i s t r i b u t io n  o f  s c o re s  (M itc h e ll ,  no d a te  g iv e n ).
19 . S tandard  e r r o r —When a p p lie d  to  group a v e ra g e s , a s  in  th e
t - t e s t s ,  p ro v id es  an e s t im a te  o f  th e  " e r ro r "  which may be in v o lv ed .
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The group s iz e  and s ta n d a rd  d e v ia tio n  a re  th e  f a c to r s  on which th e se  
s ta n d a rd  e r r o r s  a r e  based (M itc h e ll ,  no d a te  g iv e n ) .
20. t —A c r i t i c a l  r a t i o  e x p re ss in g  th e  r e la t io n s h ip  (mean, 
d if f e r e n c e ,  e t c . )  to  i t s  s ta n d a rd  e r r o r .  The s iz e  o f  th e  r a t i o  i s  an 
in d ic a t io n  o f  th e  s ig n if ic a n c e  o f  th e  measure (M itc h e ll,  no d a te  g iv e n ) .
21. V isual im agery i s  a  m ental p ic tu r e ;  a  n e c e ssa ry  component o f 
s p a t i a l  m a tu r ity  (C lem ents, 1983).
P rocedures
1 . A review  o f  r e la te d  l i t e r a t u r e  was conducted a t  th e  Sherrod 
L ib ra ry  o f  E ast Tennessee S ta te  U n iv e rs ity  and th e  King C o llege  l i b r a r y .  
An ERIC se a rc h  was done on C1JE m a te r ia ls .  The in v e s t ig a to r  searched  
RIE m a te r ia l  fo r  th e  p a s t  10 y e a rs  and read  m ic ro fic h e  co p ies  o f  many 
r e la te d  a r t i c l e s .  D is s e r ta t io n  a b s t r a c t s  f o r  th e  p a s t 19 y e a rs  were 
sea rch ed , and th re e  were re q u e s te d  through i n t e r - l i b r a r y  lo a n .
2. P erm ission  was o b ta in ed  from th e  E ast T ennessee S ta te  U n iv e rs ity  
I n s t i t u t i o n a l  Review Board to  use  human s u b je c ts  under 18 y e a rs  o f  age 
(Appendix b) .
3. P erm ission  was o b ta in e d  from Dr. Mary Meeker, P re s id e n t o f th e  
SOI I n s t i t u t e ,  E l Segundo, C a l i f o r n ia ,  to  rep ro d u ce  CFS and CFT s u b te s ts  
from th e  SOI-LA t e s t  b o o k le t (Appendix B).
4 . P erm ission  was o b ta in e d  from Dr, Nancy Hickman, S u p e rv iso r o f  
Secondary E duca tion , B r i s to l ,  T ennessee P u b lic  S choo ls, to  a d m in is te r  
the  t e s t s  to  geom etry c l a s s e s  a t  Tennessee High.
5 . P erm iss io n  was o b ta in ed  from Mr. Paul Odum, A s s is ta n t  P r in c ip a l  
o f  T ennessee High, to  use  c l a s s  tim e to  a d m in is te r  th e  t e s t s  (Appendix B )•
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6 . P erm ission  s l i p s  were d i s t r ib u te d  to  a l l  s tu d e n ts  In  th e  f iv e  
I n ta c t  geom etry c l a s s e s .  When re tu rn e d , s igned  by a  p a re n t ,  th e  
c lassroom  te a c h e rs  c o l le c te d  th e se  s l i p s ,
7. P erm ission  was o b ta in ed  from Dr. John G aines, Dean o f  King 
C o lleg e , fo r  acc e ss  to  the  permanent re c o rd s , p rov ided  th a t  o n ly  coded 
In fo rm atio n  was o b ta in ed  (Appendix B),
8 . The p h y s ic a l f a c i l i t i e s  uBed fo r  t e s t in g  a t  Tennessee High were 
th e  same as  used every  day fo r  geom etry c l a s s .
9. Each geom etry c la s s  was te s te d  a t  th e  same tim e o f  day th a t  th e  
c l a s s  was r e g u la r ly  h e ld .
10. The com puter a t  E ast Tennessee S ta te  U n iv e rs ity  was used to  
an a ly ze  th e  f in d in g s  o f  th e  s tu d y ,
11, C onclusions and recom mendations were fo rm u la ted .
O rg an iza tio n  o f  th e  Study
C hapter 1 in c lu d e s  th e  in t ro d u c t io n ,  th e  s ta te m e n t o f  th e  problem , 
th e  hyp o th eses , th e  s ig n if ic a n c e  o f  the  s tu d y , th e  assu m p tio n s, the 
l im i t a t i o n s ,  th e  d e f in i t i o n  o f  te rm s, th e  p ro ced u res , and th e  o rg a n iz a tio n  
o f  th e  s tu d y .
C hapter 2 p ro v id es  a rev iew  o f  r e la te d  l i t e r a t u r e .
C hapter 3 in c lu d e s  th e  re s e a rc h  m ethodology and in s tru m e n ta t io n .
C hapter 4 c o n ta in s  an a n a ly s is  o f  th e  d a ta .
C hapter 5 i s  th e  summary o f th e  f in d in g s  and recom m endations.
C hapter 2 
Review o f  R ela ted  L i te r a tu r e
In tro d u c t io n
A thorough rev iew  o f  th e  l i t e r a t u r e  y ie ld e d  in fo rm a tio n  r e le v a n t  to  
t h i s  study  in  th e  two m ajor a re a s  o f  (a ) s p a t i a l  p e rc e p tio n , w ith  s e v e ra l  
su b to p ic s , and (b) r a t i o n a le  in v o lv in g  s p e c i f ic  s t a t i s t i c a l  p ro ced u res . 
S ub top ics  under s p a t i a l  p e rc e p tio n  were (a) s tu d ie s  in v o lv in g  s p a t i a l  
p e rc e p tio n , (b) s tu d ie s  in v o lv in g  sex  d i f f e r e n c e s  in  s p a t i a l  p e rc e p tio n , 
(c ) s tu d ie s  in v o lv in g  geom etry, (d) p r e d ic to r s  f o r  su ccess  in  c o l le g e  
m athem atics, (e ) recom m endations from p rev io u s  s tu d ie s ,  and ( f )  In v e rse  
s tu d ie s  o f  s p a t i a l  p e rc e p tio n .
Spatial Perception
Today, s c a rc e ly  anyone doub ts  th a t  s e n s a tio n s  o f 
o b je c ts  and s e n s a tio n s  o f space can  e n te r  co n sc io u sn ess  
o n ly  In  com bination  w ith  one a n o th e r ; and v ic e  v e rs a ,  they  
can le a v e  co n sc io u sn ess  o n ly  in  com bination  w ith  one 
a n o th e r . (M ach,.I9 6 0 , p. 34)
Though, te c h n ic a l ly ,  space  canno t be p e rc e iv e d , o n ly  o b je c ts  can  be
p e rc e iv e d , one ten d s  to  d e s c r ib e  th e  o b je c ts  w ith  r e l a t i o n  to  th e i r
s p a t i a l  a t t r i b u t e s ,  I . e . ,  t h e i r  s i z e ,  shape , d is ta n c e  from each o th e r ,
and d is ta n c e  from th e  o b se rv e r . The d e f in i t i o n  o f  s p a t i a l  a b i l i t y  (o r
p e rc e p tio n )  g iven  in  th e  ERIC T hesaurus o f  D e sc r ip to rs  i s  " a b i l i t y  to
p e rc e iv e  o r  so lv e  problem s a s s o c ia te d  w ith  r e la t io n s h ip s  between o b je c ts
o r  f ig u r e s ,  In c lu d in g  p o s i t io n ,  d i r e c t io n ,  s i z e ,  form, and d is ta n c e "
(p . 247). P r io r  to  I960 , t h i s  concept was Indexed under "space
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o r ie n ta t io n "  o r  " s p a t i a l  r e l a t i o n s h ip . "  O ther synonyms a re  v is u a l  
p a t te r n  r e c o g n i t io n ,  v is u a l  space  p e rc e p tio n , and s p a t i a l  v i s u a l iz a t io n .  
T h is  r e s e a r c h e r 's  concep t o f  s p a t i a l  p e rc e p tio n  in c lu d e s  the  a b i l i t y  to  
i n t e r p r e t  what i s  seen ; a  com bination  o f  v i s u a l iz a t io n  and o r ie n t a t i o n .
I t  has  been su g g ested  th a t  t h i s  a b i l i t y  i s  g e n e tic  (C arr, 1935).
The w r i te r  concurs w ith  t h i s  ph ilo so p h y  bu t has no means o f  t e s t i n g  i t .  
McGee (1979) tra c e d  in t r a - f a m i l i a l  c o r r e l a t io n s  fo r  a s p a t i a l  enhancing  
X -linked  r e c e s s iv e  gene (pp . 69 -9 1 ). Under random m ating and a  r e c e s s iv e  
gene frequency  o f q ■ .5  ( th e  frequency  th a t  b e s t  e x p la in s  th e  mean sex  
d if f e r e n c e  and th e  shape o f  th e  male and th e  fem ale d i s t r i b u t i o n ) ,  th e  
expected  o rd e r  o f  fam ily  c o r r e l a t i o n  i s  a s  fo llo w s:
r  s i s t e r - s i s t e r  > r  m o ther-son  = r  f a th e r -d a u g h te r  > 
r  b ro th e r -b ro th e r  > r  m o ther-daugh te r > r  b r o th e r - s i s t e r  > 
r  f a th e r - s o n
The expected  c o r r e la t io n  o f f a th e r  to  son i s  r  ■ .0 0 .
P ia g e t and In h e ld e r (1967) b e lie v e d  th a t  a  p e r s o n 's  a b i l i t y  to  
th in k  abou t space develops in  w e ll-d e f in e d  s ta g e s ,  from to p o lo g ic a l  to  
E u clidean , re a c h in g  m a tu r ity  d u rin g  e a r ly  ad o le sc en ce . They d is t in g u is h e d  
between f ig u r a t iv e  th in k in g , which i s  concerned w ith  th e  p e rc e p tio n  o f 
s t a t i c  p a t te r n s ,  and o p e ra t iv e  th in k in g , which i s  concerned  w ith  th e  
movement and m an ip u la tio n  o f  v is u a l  im ages. I t  i s  th e  o p e ra t iv e  th in k in g  
which i s  v i t a l  in  geom etry. In  an  e a r l i e r  work, P ia g e t (1947) made a 
m inute (b u t e s s e n t i a l )  d i s t i n c t i o n  between p e rc e p tio n  and in t e l l ig e n c e .  
"P e rc e p tio n  i s  th e  knowledge we have o f  o b je c tB , o r  o f  t h e i r  movements, 
by d i r e c t  and im m ediate c o n ta c t;  w h ile  in t e l l ig e n c e  i s  a form o f
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knowledge o b ta in in g  when d e to u rs  a re  Invo lved  and when sp a tio - te m p o ra l 
d is ta n c e s  between s u b je c ts  and o b je c ts  in c re a s e "  (P ia g e t ,  1947, p. 55).
S tu d ie s  In v o lv in g  
S p a t ia l  P e rc e p tio n
The e a r l i e s t  s tu d ie s  in v o lv in g  s p a t i a l  a b i l i t y  were concerned w ith
d e f in i t i o n ,  and w ith  d e v is in g  t e s t s  f o r  th e  i s o l a t i o n  o f  th i s  a b i l i t y .
In  1964 1. M acfarlane Smith c o l le c te d  an in t e r e s t i n g  h is to r y  o f  re s e a rc h
on th e  s p a t i a l  f a c to r  p r io r  to  th a t  tim e . W illiam  Brown, in  1913,
concluded th a t  " th e r e  i s  good reaso n  fo r  th in k in g  th a t  sch o o l m athem atics
and h ig h e r  m athem atics r e l a t e  to  d i f f e r e n t  forms o f  a b i l i t y  and should
be c l e a r ly  d is t in g u is h e d  from one a n o th e r"  (Sm ith, 1964, p. 101). B. P.
B a lla rd  ex p ressed  th e  o p in io n  in  1922 th a t  " t e s t s  o f  s p a t i a l  o r ie n ta t io n
were u s e fu l fo r  In d ic a t in g  m athem atical a b i l i t y "  (Sm ith, 1964, p. 103).
H. R. Hamley i n  1935 w ro te , "m athem atica l a b i l i t y  i s  p robab ly  
a  compound o f  g en e ra l in t e l l ig e n c e ,  v i s u a l  Im agery, a b i l i t y  
to  p e rc e iv e  number and space  c o n f ig u ra tio n s  and to  r e t a in  
such c o n f ig u ra tio n s  as  m ental p a t te r n s .  Each o f  th e se  could 
be su b d iv ided  in to  s im p le r com ponents." T h is  d e f in i t i o n  
em phasizes th e  im portance o f  b o th  v i s u a l  Imagery and a b i l i t y  
to  p e rc e iv e  s p a t i a l  c o n f ig u ra t io n s .  (Sm ith , 1964, pp. 101-104)
In  1946 K. H o lz inger and F, Swineford s tu d ie d  th e  p r e d ic t iv e  v a lu e
o f  th e  s p a t i a l  and g e n e ra l f a c to r s  in  fo r e c a s t in g  th e  achievem ent o f
h igh  sch o o l p u p ils  in  p la n e  geom etry. They found a  c o r r e l a t io n  o f .23
between th e i r  s p a t i a l  a b i l i t y  t e s t s  and te a c h e r s ' g rades (Sm ith , 1964,
pp. 107-108).
H. K. B araka t (1950, 1951) c a r r i e d  o u t a la rg e  s c a le  in v e s t ig a t io n  
o f boys and g i r l s  in  B r i t i s h  grammar sc h o o ls . He used f a c to r  a n a ly s i s  
w ith  a  la rg e  group o f  t e s t s ,  in c lu d in g  two s p a t i a l  t e s t s  and fou r t e s t s  
o f m athem atica l a t ta in m e n t. One o f h is  most in t e r e s t in g  f in d in g s  was
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th a t  v e rb a l  f a c i l i t y  I s  n o t n e c e s s a r i ly  needed in  m athem atical th in k in g , 
and In  f a c t ,  may have an a d v e rse  e f f e c t .  He a lso  acknowledged a d iv i s io n  
d is t in g u is h in g  th e  type  o f  th in k in g  used in  geom etry ( v is u a l  im agery and 
s p a t i a l  th in k in g )  from problem  a r i th m e t ic  and a lg e b ra ,  which seem to  
depend on f a c i l i t y  fo r  d e a l in g  w ith  fo rm al v a r ia b le s  (Sm ith , 1964, pp. 
110-11) .
Smith a ls o  reco rd ed  c o r r e l a t io n s  between a tw o-d im ensional space 
t e s t  and p lan e  geom etry perform ance, a s  w e ll a s  a th re e -d im e n s io n a l space 
teB t w ith  p lan e  geom etry perform ance. The form er had a  c o r r e la t io n  o f  
.535 , w h ile  th e  l a t t e r  had a  c o r r e l a t i o n  o f .352 (n °  71 in  b o th  c a s e s ) .
In  any d is c u s s io n  o f  p e rc e p tio n  i t  i s  n e c e ssa ry  to  d is t in g u is h  
betw een th e  r e t i n a l  image and what man p e rc e iv e s , th a t  I s ,  what i s  
beyond th e  r e t i n a l  image. Man sy n th e s iz e s  ex p e rien ce , th e re fo re  
p e rc e p tio n  i s  a l t e r e d  a s  a  r e s u l t  o f  le a rn in g  (H a ll, 1966). I n te r r o g a to r s  
know w e ll th a t  two peop le  can  see  th e  same a c c id e n t ,  y e t g iv e  two 
e n t i r e l y  d i f f e r e n t  acc o u n ts  o f  what th e y  saw. A h u n te r  s ig h ts  a b ird  
w ith  h is  gun, w hereas, a p erson  no t w anting  to  k i l l  th e  b ird  might never 
be a b le  to  see  i t .  L y r i c i s t s  have long  claim ed th e  s ig h t  o f  on ly  one 
person  w ith in  a crowded room! A p e rs o n 's  ex p erien ce  molds more than  the  
p e r s o n a l i ty .  E xperiences even mold e y e s ig h t . V is ion  was th e  l a s t  o f 
th e  sen ses  to  ev o lv e , and i t  i s  by f a r  th e  most complex.
Do we le a r n  to  see? Does p e rc e p tu a l le a rn in g  ta k e  p la c e  i n  a 
p a s s iv e  anim al? In  a w ell-docum ented experim en t, R. H eld, and A. H ein 
b rought up two k i t t e n s  i n  t o t a l  d a rk n ess , so th a t  th ey  cou ld  n o t se e .
They then rigged two baskets so that one kitten could walk, thereby 
controlling where he went (in the light). The second basket was such
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th a t  th e  k i t t e n  in  i t  cou ld  n o t w alk, o n ly  r id e ,  p ro p e lle d  by th e  
w alk ing  k i t t e n .  "Only the  a c t iv e  k i t t e n  developed p e rc e p tio n , th e  
p a s s iv e  anim al rem ained e f f e c t iv e ly  b l in d .  He th u s  sug g ested  th a t  
a c t iv e  touch i s  e s s e n t i a l  to  p e rc e p tiv e  developm ent" (G regory, 1966, 
pp. 209-10).
The p e rc e p tu a l system  does n o t alw ays ag ree  w ith  th e  
r a t i o n a l  th in k in g  c o r te x .  To th e  c o r te x , th e  d is ta n c e  to  
th e  moon i s  a q u a r te r  o f  a  m il l io n  m ile s ; to  th e  v is u a l  
p a r t  o f  th e  b ra in  i t  i s  a mere few hundred y a rd s . The 
v is u a l  b ra in  has i t s  own lo g ic  and p re fe re n c e s  which a re  
n o t understood  c o r t i c a l l y .  Some o b je c ts  a r e  b e a u t i f u l ,  
o th e rs  u g ly ; bu t we have no id e a , fo r  a l l  th e  th e o r ie s  
which have been pu t fo rw ard , why t h i s  shou ld  be so . The 
answ er l i e s  a lo n g  way back in  th e  v is u a l  p a r t  o f  th e  
b r a in ,  and i s  l o s t  to  th e  new mechanisms which g iv e  our 
i n t e l l e c t u a l  view  o f th e  w orld . (G regory, 1966, p . 224)
Results from recent studies exploring the relationship between
s p a t i a l  p e rc e p tio n  and m athem atics (a s  a whole) a re  n o t c o n s is te n t .
Lean and Clem ents gave 116 e n g in e e rin g  s tu d e n ts  in  Papua, Hew G uinea, a
b a t te r y  o f m athem atical and s p a t i a l  t e s t s  and , in  a d d i t io n ,  a  t e s t  fo r
d e te rm in in g  th e i r  p re fe r re d  modes o f  p ro c e ss in g  m athem atical in fo rm a tio n .
They concluded th a t
(a ) s p a t i a l  a b i l i t y  and knowledge o f  s p a t i a l  conven tions 
had on ly  a sm all In f lu e n c e  on m athem atical perform ance, 
and (b) th e re  was a tendency fo r  s tu d e n ts  who p re fe r re d  
to  p ro cess  m athem atical in fo rm atio n  by v e rb a l  lo g i c a l  means 
to  ou tperfo rm  more v is u a l  s tu d e n ts  on b o th  m athem atical and 
s p a t i a l  t e s t s .  In  f a c t ,  s tu d e n ts  who earned  th e  h ig h e s t 
s c o re s  on s p a t i a l  a b i l i t y  t e s t s  showed no in c l in a t io n  a t  
a l l  to  use v is u a l  Im agery when so lv in g  m athem atical problem s. 
(C lem ents, 1963, p . 47)
The r e s u l t s  o f  th e  Lean and Clements s tu d y  seem to  be in  c o n f l i c t  
w ith  o th e r  s tu d ie s  (Moses, 1977; Perunko, 1982) which suggested  th a t  
s p a t i a l l y  a p t s tu d e n ts  tend  to  use  th a t  a b i l i t y  whenever p o s s ib le .
Moses determ ined  th a t  an In d iv id u a l w ith  s p a t i a l  a b i l i t y  w i l l  f re q u e n tly
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n o t w r i te  down v is u a l  s o lu t io n  p ro c e sse s  even though he u ses  them.
Perunko, w orking w ith  a  community c o l le g e  p o p u la tio n , concluded:
"S tu d en ts  who a r e  unab le  to  c o r r e c t ly  r o t a t e  v is u a l  f ig u re s  a n d /o r  
p ro c e ss  th e  v is u a l  m a te r ia l  a n a l y t i c a l l y  perform  w e ll on v is u a l  and 
com bination  math problem s and so lv e  th e  com bination  (v is u a l  and num erica l) 
problem s by a  v is u a l  approach" (Perunko, 1982, p. 1716).
In  a  s tu d y  u s in g  th e  s p a t i a l  a b i l i t y  s e c t io n  o f  DAT (Mumaw, Cooper,
& G la s se r , 19B2) a s  one o f  th e  independent v a r ia b le s ,  i t  was determ ined 
th a t  one s k i l l  which i s  c o n s is te n t ly  w ell p re d ic te d  by s p a t i a l  a p t i tu d e  
t e s t s  i s  en g in ee rin g  draw ing and d e s ig n . L ess s ig n if ic a n c e  was 
de term ined , however, in  p r e d ic t in g  th re e -d im e n s io n a l draw ing than 
tw o-d im ensional.
At l e a s t  two s tu d ie s  have r e c e n t ly  been done in v o lv in g  abnorm al 
c h i ld re n  and s p a t i a l  p e rc e p tio n . F rank (1979) concluded th a t  s p a t i a l  
p e rc e p tio n  was a b e t t e r  p r e d ic to r  o f  achievem ent than  g en e ra l 
I n te l l ig e n c e  among th e  le a rn in g  d is a b le d .  T h is  s tu d y  was v a lu a b le  in  
g u id in g  th e  s e le c t io n  o f  rem ed ia l math methods toward th e  c o n c re te  and 
v is u a l  fo r  le a rn in g  d is a b le d  s tu d e n ts .
B ennett (1983) took  educab le  m en ta lly  r e ta r d e d ,  norm al, and b r ig h t  
c h i ld re n  and grouped them in to  th re e  groups acc o rd in g  to  a g e . There 
were v a r ia t io n s  w ith in  each  group, b u t on th e  P ia g e tla n  t e s t s  o f  
c o n se rv a tio n  and sp ace , th e  average  perform ance was com parable. T h is 
Btudy in d ic a te d  th a t  s p a t i a l  a b i l i t y  cou ld  be in c re a se d  th rough  
in t e r a c t io n ,  and th a t  s p a t i a l  th in k in g  cou ld  be Improved and s tre n g th e n e d  
th rough  p r a c t ic e .
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Studies InvolvinR Sex
D iffe re n c e s  In  S p a t ia l  P e rcep tio n
Some o f th e  most in t e r e s t i n g  p r e d ic to r s  o f  su ccess  in  math which
have been re se a rc h e d  a r e  te n s io n  c o n t ro l  (D r is c o l l ,  1981), sex  o f  th e
secondary  schoo l p r in c ip a l  (Helmann, 1981), non-schoo l f a c to r s  (C a r r ie r ,
1981), a t t i t u d e  (Aiken & D reger, 1961; M il le r ,  1981; Robicheaux, 1961;
V erbeke, 1982), ch em is try  (F e rry , 1934), E n g lish  (P e rry , 1934), and
p e r s o n a l i ty  (F e rry , 1934). Then th e re  a re  th e  t r a d i t i o n a l  p r e d ic to r s :
I n te l l ig e n c e  (P e rry , 1934; and u s u a lly  inc lu d ed  in  every  s tu d y ) ,  SAT/ACT
(Lenning & Maxey, 1972; F e rry , 1934; Robicheaux, 1981), and h ig h  schoo l
o r  c o l le g e  grade p o in t av erag e  (S h ip le y , 1983; S ch o en fe ld t & B rush, 1975).
R ecent s tu d ie s  which u t i l i z e  s p a t i a l  p e rc e p tio n  a s  a fu n c tio n  to
d i f f e r e n t i a t e  male from fem ale perform ance a r e  alm ost even ly  d iv id ed  in
"male s u p e r io r i ty "  v e rsu s  "no d i f f e r e n c e ."  Perunko (1982) concluded
th a t  m ales sco red  h ig h e r on r o ta t io n  and math t e s t s  in  th e  v is u a l  mode;
fem ales sco red  h ig h e r on im agery and a n a ly t ic  p ro c e s s in g . Bodner and
o th e rs  (1984) w ith  a p o p u la tio n  o f  700 re p o r te d  th a t  m ales d id  s ig n i f i c a n t ly
b e t t e r  than  fem ales on Perdue V is u a l iz a t io n  o f  R o ta tio n  T est and F in d -a -
Shape P u zz le . G errard  (1982), u s in g  DAT-space r e l a t i o n s ,  re p o r te d  a
s ig n i f i c a n t  s e x - r e la te d  d if f e r e n c e  in  s p a t i a l - v i s u a l i z a t i o n  a b i l i t y .
Clements in  1983 re p o r te d  mix r e s u l t s .  He concluded :
a d o le sc e n t m ales ou tperfo rm  a d o le sc e n t fem ales on many 
s p a t i a l  t e s t s  th a t  r e q u ire  th re e -d im e n s io n a l th in k in g  and 
m ental m an ip u la tio n  o f  im ages. Tasks which demand on ly  
tw o-d im ensional th in k in g  and do n o t r e q u ire  m ental 
m an ip u la tio n  o f  images a r e  n o t l i k e l y  to  produce s ig n i f i c a n t  
s e x - r e la te d  d if f e r e n c e s  in  perform ance. (C lem ents, 1983, 
p . 48)
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No s ig n i f i c a n t  sex  d if f e r e n c e  was re p o r te d  in  q u a n t i ta t iv e  
s c h o la s t ic  a p t i tu d e  (B u rn e tt ,  1979), d i r e c t io n a l  e f f e c t s  o f  tra n s fo rm a tio n  
ta sk s  (S ch u ltz  & A u stin , 1983), and space r e l a t io n s  and space v i s u a l i ­
z a t io n  in  th e  g i f t e d  (V erbeke, 1982), S h ip ley  (1983), in  t e s t s  u s in g  
grade p o in t av erage  (h ig h  s c h o o l) ,  sex , h ig h e s t le v e l  c o u rse , and number 
o f  co u rse s  in  h igh  sch o o l to  p r e d ic t  c o l le g e  math co u rses  which a 
freshm an cou ld  expec t to  p a s s , concluded th a t  m ale and fem ale su ccess  a re  
e q u a l, g iven  th e  same p re p a ra t io n .  K lopfer and o th e rs  (1977), u s in g  th e  
f e l t  f ig u r e  rep lacem en t te c h n iq u e , summarized h i s  f in d in g s :  "G e n e ra lly
th e  sexes were more a l ik e  than  d i f f e r e n t .  Where d i s t i n c t io n s  e x i s t ,  
a b i l i t y  to  c o o rd in a te  the  o rd e r in g  o f  e x te rn a l  s o c ia l  s t im u l i  w ith  
I n te r n a l  p e r s o n a l i ty  mechanisms may be an a s s e t  fo r  th e  fem a le s ,"
S tu d ie s  In v o lv in g  Geometry 
and S p a t ia l  P e rc e p tio n
S ince p sy c h o lo g ic a l sp ace , a s  a system  o f  s e n s a tio n s ,  
a r e  much n e a re r  a t  hand than  th e  geom etric  co n cep ts  which 
a r e  based th e re o n , th e  p r o p e r t i e s  o f  p sy c h o lo g ic a l space 
w i l l  be found to  a s s e r t  them selves q u ite  f re q u e n tly  in  our 
d e a lin g s  w ith  geom etric  sp ace . We d is t in g u is h  n ear and 
rem ote p o in ts  in  o u r f ig u r e s ,  th o se  a t  th e  r i g h t  from th o se  
a t  th e  l e f t ,  th o se  a t  th e  top  from th o se  a t  th e  bottom , 
e n t i r e ly  by p sy c h o lo g ic a l c o n s id e ra tio n s  and d e s p i te  th e  
f a c t  th a t  geom etric  space i s  n o t co g n izan t o f  any r e l a t i o n  
to  ou r body, b u t o n ly  o f  r e a l i z a t i o n s  o f  th e  p o in ts  to  one 
a n o th e r . (Mach, 1960, p . 35)
T his book was th e  most v a lu a b le  o f  any re fe re n c e  found by th e  
w r i te r .  In  i t ,  m inute d i s t i n c t i o n s  were made and ex p lo re d , such as 
m e tr ic  space d i f f e r s  from space o f I n tu i t i o n  in  th a t  m e tric  space 
c o n ta in s  p h y s ic a l e x p e rie n c e s . The w r i te r  c o n s id e rs  h is  work worthy 
o f  one more d i r e c t  q u o ta tio n :
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By th e  com parison o f  space w ith  o th e r  m an ifo ld s , more 
g en e ra l con cep ts  have been reac h ed , o f  which th e  geom etric 
re p re s e n ts  a s p e c ia l  c a s e .  Geometric though t has th u s  
been freed  from c o n v e n tio n a l l i m i t a t i o n s ,  h e re to fo re  
im agined In su p e ra b le . (Mach, I960 , p . 143)
In  a  s tu d y  o f p re s e rv ic e  teacherB  ( B a t t i s t a  e t  a l . ,  1982), s p a t i a l  
v i s u a l i z a t io n  c o r r e la te d  s ig n i f i c a n t l y  w ith  achievem ent, and was g r e a te r  
a t  th e  end o f  an e lem en tary  geom etry co u rse  th an  a t  th e  beg inn ing .
Maher and Normandla (1983) r e la te d  s p a t i a l  a b i l i t y  to  mode o f  
in s t r u c t io n ,  in  a s tu d y  in v o lv in g  141 e ig h th  grade s tu d e n ts .  A 4 2 -item  
geom etry achievem ent t e s t  was c o n s tru c te d , approach ing  e lem en tary  
geom etric  concep ts  th rough  tra n s fo rm a tio n s . They found th a t  s tu d e n ts  
b e n e f i te d  more from th e  m an ip u la tio n  o f  th e  f ig u re s  them selves, than  
from te a c h e r  m an ip u la tio n . C h ild ren  w ith  low s p a t i a l  sc o re s  b e n e f i te d  
m ost.
There was very  l i t t l e  d i r e c t  d is c u s s io n  in  th e  e x i s t in g  l i t e r a t u r e  
on why s p a t i a l  a b i l i t y ,  v is u a l  Im agery, and m athem atical perform ance 
m ight be expected  to  be r e la te d  (C lem ents, 1983, p . 4 5 ). A ccording 
to  Fennema (1979), however, th e  r e la t io n s h ip  between m athem atics 
and s p a t i a l  v i s u a l iz a t io n  i s  lo g i c a l ly  e v id e n t. In  m athem atical te rm s, 
s p a t i a l  v i s u a l iz a t io n  r e q u ire s  r o ta t io n ,  r e f l e c t i o n ,  o r  t r a n s l a t io n  o f  
r i g i d  f ig u re s ,  which a r e  im p o rtan t geom etric  id e a s .  She f u r th e r  s ta t e d ,  
"many m athem atic ians b e lie v e  th a t  a l l  m athem atical thought In v o lv es  
g eo m etric a l id e a s  . , . th e re fo re ,  i f  s p a t i a l  v i s u a l i z a t io n  item s a re  
g eo m etric a l in  c h a ra c te r ,  and i f  m athem atical though t in v o lv es  g eo m etric a l 
id e a s ,  s p a t i a l  v i s u a l iz a t io n  and m athem atics a r e  in s e p a ra b ly  entw ined"
(pp. 392-93).
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Predictors for Success In 
College Mathematics
Mathematics achievement Is a highly significant factor In determining 
who goeB to college and who does not. The mere fact that SAT tests are 
divided into only two parts, one of which is math, Is a signal of its 
Importance In the mind of one group which has long prepared high school 
students for college entrance. Fully half of the math section of this 
highly respected test is devoted to geometry. The problems are almost 
entirely spatial in nature, with just a few problems in logic. Students 
preparing for the SATs are invariably surprised at this concentration of 
geometry, since high schools seem to be de-emphasizing the subject.
Many s tu d ie s  (Case, 1983; Fagerstrom , 1933; Middaugh, 1979; P e rry , 
1934; S a le h i,  1982) have exp lo red  c o r r e l a t io n s  between m athem atics 
achievem ent in  h ig h  schoo l a n d /o r  su ccess  on s ta n d a rd iz e d  t e s t s  to  
p r e d ic t  su ccess in  h ig h e r math. In  none o f  th e  re a d in g s , however, d id  
th e  w r i te r  f in d  geom etry o r  s p a t i a l  p e rc e p tio n  used as  a p r e d ic to r .
Some conclusions were made, however, which are too interesting to 
not mention. Perry (1934, p. 52) pointed out that intelligence plays a 
very small part in predicting college grades when used in combination 
with other standardized tests of a mathematical nature. Personality, 
however, is a stronger predictor than some standardized tests. Salehi 
(1982) in his longitudinal study concluded that the period immediately 




P rev io u s  S tu d ie s
A lthough most w r i te r s  on th e  to p ic  o f  s p a t i a l  a b i l i t y  advoca te
lo n g -te rm  t r a in in g  e f f o r t s ,  s p e c i f i c  program  su g g e s tio n s  a r e  few and
have o f te n  n o t been in  e f f e c t  lo n g  enough f o r  e v a lu a tio n . "The q u e s tio n
o f  Id e n t i fy in g  th e  mechanisms by which v is u a l  Images a r e  evoked must be
c o n s id e re d  by a l l  persons in te r e s te d  i n  c o n s tru c t in g  s p a t i a l  t r a in in g
program s" ( E l io t  & Hauptman, 1981, c i te d  by C lem ents, 1983, p . 21).
In  1980, S. Je x , in  an a r t i c l e  f o r  M athem atics in  School e n t i t l e d
"D eveloping 3-D T h in k in g ,"  o u t l in e d  a c t i v i t i e s  designed  to  develop
s p a t i a l  a b i l i t i e s  u s in g  cubes and r i g h t  a n g le s .  E lem entary  sch o o l seems
to  be th e  d e s ire d  ta rg e t  a re a  fo r  any in s t r u c t io n  o r  re in fo rc em en t o f
s p a t i a l  a b i l i t i e s .  However, some s tu d ie s  have shown p o s i t iv e  r e s u l t s
w ith  c o l le g e  s tu d e n ts  as  w e ll a s  a d u l ts  (B u rn e tt & Lane, 1980; S te r i c k le r ,
1981).
In  a  study  o f Hew Z e a la n d 's  new geom etry program, M uriel R.
Johnson (1982) d e sc rib e d  a most s p e c i f i c  program fo r  s p a t i a l  a b i l i t y  
developm ent. The c u r r ic u la  f o r  g rades  8 , 9, 10, and 11 a r e  d e sc r ib e d  in  
env ironm enta l te rm s. The program d e a ls  w ith  fo u r m ajor p lan e  g eo m etrie s:
(a ) E u clidean , co n cern ing  o b je c ts  which lo o k  a l ik e  in  th e  environm ent;
(b) a f f in e  geom etry, con ce rn in g  shadows c a s t  by th e  sun; (c) p r o je c t iv e  
geom etry which i s  p r im a r i ly  concerned w ith  v is io n ;  and (d) topo logy  
which d e a ls  w ith  d i s to r t i o n .
In v e rse  S tu d ie s
A few in t e r e s t in g  ex  p o s t fo c to  s tu d ie s  have been done In v o lv in g  
th e  s p a t i a l  p e rc e p tio n  e x i s t in g  in  s tu d e n ts  a lre a d y  in  c o l le g e  c o u rse s .
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Lord (19B3) found th a t  b io lo g y  m ajors sco red  much h ig h e r on s p a t i a l  
t e s t s  than  h is  c o n tro l  group. The fem ales m ajo ring  In  b io lo g y  no t o n ly  
sco red  h ig h e r than  fem ales in  n o n -sc ien c e  d i s c ip l in e s ,  b u t a ls o  
s ig n i f i c a n t ly  h ig h e r than  th e  male b io lo g y  m ajo rs .
M ille r  (1981) d id  a v e ry  in t e r e s t in g  e x p lo ra tio n  o f  m otives to  
avo id  su ccess  in  m athem atics. One measurement was s p a t i a l  ta s k  
perform ance, u s in g  197 m ales and fem ales in  grades 5, 8 , and 11. They 
were te s te d  a g a in s t  a same sex  p a r tn e r ,  o p p o s ite  sex  p a r tn e r ,  and 
n o n -co m p e titio n . I t  was su sp ec ted  th a t  th e  p resen ce  o f  m otive to  av o id  
su ccess  in  math would in c re a s e  among th e  g i r l s  over th e se  g rad es  t e s t e d .
The w r i te r  would a ls o  su sp e c t th a t  g i r l s  i n  th e  8 th  and 11 th  g rades would 
avoid  su ccess  when perform ing  a g a in s t  boys. R e su lts  d id  n o t suppo rt 
e i t h e r  p r e d ic t io n .  A cross a l l  g rades and b o th  se x e s , s p a t i a l  perform ances 
were h ig h e s t under o p p o s ite -se x  co m p e titio n  and low est under n o n -co m p e titio n .
Mundy (1980) in v e s t ig a te d  th e  e f f e c t s  o f  s p e c ia l  t r a in in g  upon 
c a lc u lu s  achievem ent, s p a t i a l  v i s u a l iz a t io n  and th e  a b i l i t y  to  v is u a l iz e  
s o l id s  o f re v o lu t io n  in  c a lc u lu s .  A gain, th e  groups were s tu d ie d  male 
v e rsu s  fem ale. She found a s ig n i f i c a n t  c o r r e la t io n  between s p a t i a l  
v i s u a l iz a t io n  and p re -c a lc u lu s  s c o re s . She a ls o  observed  th a t  th e  
ta k in g  o f c a lc u lu s  and p a r t i c ip a t in g  in  c o n cu rren t coursew ork appeared  
to  enhance s p a t i a l  a b i l i t y .  Her most in t e r e s t in g  r e s u l t ,  however, was 
u n d e rs ta te d , "Fem ales s tu d y in g  c a lc u lu s  may p o sse ss  a b i l i t y  c h a r a c t e r i s t i c s  
which d is t in g u is h  them from o th e r  fem a le s !"  (Mundy, 1980, p. 4633).
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A n aly sis  o f  S t a t i s t i c a l  P ro cedu res
I t  i s  th e  purpose o f  t h i s  s e c t io n  to  summarize th e  l i t e r a t u r e
re le v a n t  to  th e  te c h n ic a l  a s p e c ts  o f  th e  s tu d y , p a r t i c u l a r ly  o f
c o r r e la t io n  and r e g re s s io n .
T here a re  many s t a t i s t i c a l  in v e s t ig a t io n s  in  w hich th e  main
o b je c t iv e  i s  to  d e te rm in e  w hether a r e la t io n s h ip  e x i s t s  between two o r
more v a r ia b le s .  I f  such a r e la t io n s h ip  can be ex p la in ed  by a m athem atical
fo rm u la , i t  can  then  be used fo r  making p r e d ic t io n s .  A m athem atical
eq u a tio n  which en ab les  p r e d ic t io n  o f  v a lu e s  o f  one dependent v a r ia b le
from known v a lu e s  o f one o r  more independen t v a r ia b le s  i s  c a l le d  a
re g re s s io n  e q u a tio n .
T his terra i s  d e riv e d  from th e  o r ig in a l  h e r e d i ty  s tu d ie s  
made by S ir  F ra n c is  G alton  (1822-1911) in  which he compared 
th e  h e ig h ts  o f  sons to  th e  h e ig h ts  o f f a th e r s .  G alton  
showed th a t  th e  h e ig h ts  o f sons o f  t a l l  f a th e r s  over 
su c c e s s iv e  g e n e ra tio n s  re g re s s e d  toward th e  mean h e ig h t 
o f  th e  p o p u la tio n . In  o th e r  w ords, sons o f  u n u su a lly  t a l l  
f a th e r s  tend  to  be s h o r te r  th an  t h e i r  f a th e r s  and sons o f  
u n u su a lly  s h o r t  f a th e r s  tend  to  be t a l l e r  than  th e i r  
f a th e r s .  (W alpole, 1982, p . 346)
Today, th e  term  r e g re s s io n  i s  a p p lie d  to  a l l  ty p es  o f  p re d ic t io n
problem s, and c a r r i e s  no im p lic a tio n  o f  r e g re s s io n  toward th e  mean.
M u ltip le  r e g re s s io n  h e lp s  to  e x p la in  th e  v a r ia n c e  o f a dependent
v a r ia b le  by e s t im a tin g  th e  amount o f  c o n t r ib u t io n  o f  each o f  th e
Independent v a r ia b le s .  S tepw ise r e g re s s io n  computes th e  cum ula tive
im pact o f each v a r ia b le .  The com puter w i l l  choose th e  most pow erfu l
v a r ia b le  fo r  th e  f i r s t  c o r r e l a t i o n ,  th en  add th e  im pact o f  th e  o th e r
v a r ia b le s  in  o rd e r  o f  t h e i r  s t r e n g th .
M u ltip le  r e g re s s io n  i s  o f te n  a p p ro p r ia te  in  ex p o s t fa c to  d es ig n s
where assum ptions o f  random assignm ent a n d /o r  independent o b se rv a tio n s
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a re  n o t p o s s ib le .  I t  a ls o  s im p l i f ie s  d e s ig n s  d e a lin g  w ith  bo th  
co n tinuous and c a te g o r la l  d a ta  and unequal c e l l  f re q u e n c ie s  (a s  In  t h i s  
s tu d y ) (K e rlin g e r & Pedhazur, 1973).
C o rre la tio n  a n a ly s i s  i s  concerned w ith  m easuring  th e  s tr e n g th  o f 
th e  r e la t io n s h ip  between v a r ia b le s .  The product-m oment c o e f f i c i e n t ,  r ,  
i s  used when bo th  v a r ia b le s  th a t  we w ish to  c o r r e l a t e  a re  ex p ressed  as  
co n tinuous sco re s  (Borg & G a ll , 1983). B est (1977; D aniel & T e r r i l l ,  
1983) adds th e  req u irem en ts  th a t  th e  d i s t r i b u t io n s  o f  x and y have a 
l i n e a r  r e la t io n s h ip ,  th e  v a r ia n c e s  a r e  app rox im ate ly  e q u a l, and th a t  th e  
d i s t r i b u t io n s  have no more than  one mode (pp. 251, 303).
Most s t a t i s t i c s  books c a u tio n  th a t  c o r r e l a t i o n  i s  n o t a c a u sa l 
r e la t io n s h ip ,  i t  m erely q u a n t i f ie s  a r e la t io n s h ip .  R esearch ers  must 
dec ide  in d ep en d en tly  what cau ses  th e  c o r r e l a t i o n  and w hether o r  n o t th e  
c o r r e l a t io n  and i t s  cau ses  a r e  o f any p r a c t i c a l  concern . I t  would no t 
be d i f f i c u l t  to  show a  s tro n g  p o s i t iv e  c o r r e l a t i o n ,  in  any American 
p o p u la tio n , between peop le  who drank m ilk  a s  c h i ld re n  and smoked 
m ariju an a  a s  a d u l ts .  The p r a c t i c a l  v a lu e  o f  such a  s tu d y  would be 
n o n -e x is te n t .
I t  must a ls o  be remembered th a t  a s  th e  s iz e  o f  th e  sam ple goes up, 
th e  c r i t i c a l  v a lu e  fo r  r e j e c t i n g  th e  n u l l  h y p o th e s is  goes down. 
T h e re fo re , a sam ple o f  30 would have a h ig h e r c r i t i c a l  v a lu e  fo r  
r e je c t i o n  (more a re a  in  th e  r e j e c t i o n  re g io n  o f  th e  norm al cu rve) than  
would a  sample o f  120.
Whereas c o r r e la t io n s  in d ic a te  th e  s im i l a r i t y  o f  p o p u la tio n s , t  
t e s t s  f o r  independent groups de term ine  d i f f e r e n c e s  in  p o p u la tio n s . "The 
t  d i s t r i b u t io n  i s  r e a l l y  a fam ily  o f  d i s t r i b u t i o n s ,  s in c e  th e re  i s  a
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d i f f e r e n t  d i s t r i b u t io n  fo r  each d eg ree s-o f-freed o m  v a lu e"  (D aniel & 
T e r r e l l ,  1983, p. 1 58 ). When u s in g  a t  t e s t  fo r  th e  d i f f e re n c e  in  th e  
means between two groups d eg rees o f  freedom i s  expressed  by (N -2), th a t  
i s  th e  number in  th e  combined p o p u la tio n s  minus 2.
R eferences on s t a t i s t i c a l  m easures used in  any stu d y  a re  l i m i t l e s s .  
In  t h i s  s tudy  f i n i t e  p o p u la tio n s  were used in s te a d  o f  sam ples, 
conseq u en tly  th e  s t a t i s t i c s  a r e  d e s c r ip t iv e  r a th e r  than  i n f e r e n t i a l .
CHAPTER 3 
Methods and P rocedures
The purpose o f t h i s  c h a p te r  was to  d e s c r ib e  th e  methods and 
p ro ced u res  used to  conduct t h i s  s tu d y . I t  w i l l  in c lu d e  th e  re s e a rc h  
d e s ig n , a  d e s c r ip t io n  o f  th e  p rocedu res  used to  c o l l e c t  th e  d a ta ,  
background and a d e s c r ip t io n  o f th e  in s tru m en ts  u sed , p rocedu res  used 
fo r  a n a ly s is  o f  th e  d a ta ,  and s ta te m e n t o f  th e  hypo theses in  n u l l  form .
R esearch Design
T h is  study  was d e s c r ip t iv e  in  n a tu re ,  u s in g  p r im a r i ly  a c o r r e l a t i o n a l  
d e s ig n . An a tte m p t was made to  d isc o v e r o r  c l a r i f y  r e la t io n s h ip s  between 
th re e  t e s t s  o f  s p a t i a l  p e rc e p tio n  and th e  s tu d e n ts ' f i n a l  geom etry g rad e . 
F u rth e r  c o r r e la t io n s  were made between h igh  schoo l geom etry g rad es  and 
perform ance in  c o lle g e  c a lc u lu s .  T h is  d e s ig n  ex p lo red  th e  m agnitude of 
th e  r e la t io n s h ip ,  bu t made no a ttem p t to  e x p la in  why th e  r e la t io n s h ip .
Data Collection
P rocedures fo r
C o lle c t io n  o f  Data
A ll th e  I n ta c t  c la s s e s  o f  geom etry ( f iv e )  a t  Tennessee High S chool, 
B r i s to l ,  T ennessee , com prised th e  f i r s t  p o p u la tio n . I t  was no t n e c e ssa ry  
to  draw a  sam ple.
P erm issio n  was o b ta in e d  from th e  I n s t i t u t i o n a l  Review Board o f  
E as t Tennessee S ta te  U n iv e rs ity , th e  S u p erv iso r o f  Secondary S chools, 
B r i s to l ,  T ennessee, and th e  A s s is ta n t  P r in c ip a l  a t  Tennessee High ( in
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charge o f  fa c u l ty )  to  a d m in is te r  two t e s t s  (CFS and CFT) and a  warm-up 
t e s t .  The two te a c h e rs  whose c la s s e s  were in v o lv ed  were co n su lted  
re g a rd in g  an a p p ro p r ia te  tim e. P erm issio n  s l i p s  were se n t to  p a re n ts .
On A p r il  26, 1984, a l l  c l a s s e s  were te s te d  d u rin g  th e i r  r e g u la r  
c l a s s  p e rio d  and in  t h e i r  r e g u la r  c lassroom . No a ttem p t was made to  
t e s t  th e  s tu d e n ts  who were a b se n t on th a t  day. Of a  p o s s ib le  135 
s tu d e n ts ,  112 were p re s e n t .
DAT-space r e l a t i o n s  sc o re s  fo r  th e  s tu d e n ts  invo lved  in  th e se  
t e s t s  were o b ta in ed  from t h e i r  permanent r e c o rd s .  In  every  c a se , th e  
w r i te r  was admonished to  n o t p u b lish  names.
A ccess to  th e  perm anent f i l e s  a t  King C o llege  was g ran te d  by 
Dr. John G aines, Dean o f  th e  C o lleg e , A se a rc h  was made fo r  every  
s tu d e n t who had tak en  c a lc u lu s  a t  King C o llege  f o r  th e  l a s t  5 y e a rs .
The following information waB recorded by a code number: the grade of
the student in calculus, the grade of the student in high school 
geometry, whether or not the student had had a previous college math 
course, the results of any spatial perception tests, sex and age.
A gain, no sam pling p ro ced u res  were employed s in c e  th e  p o p u la tio n  was 
u t i l i z e d .
In s tru m en ts  Used fo r  
Data C o lle c t io n
The two t e s t s  ad m in is te re d  by th e  w r i te r  were C o g n itio n  o f  F lg u ra l 
Systems (CFS) and C ogn ition  o f  F ig u ra l T ran sfo rm atio n s  (CFT). These 
a re  b o th  s u b te s ts  from th e  Mary Meeker c o l le c t io n  o f  t e s t s  SOI-LA 
(S tru c tu re  o f  I n te l le c t - L e a rn in g  A b i l i ty ) .
Dr. M eeker's co ncep t o f I n te l l ig e n c e  t e s t i n g  i s  ev idenced  in  t h i s  
s ta te m e n t, "A ll c h i ld re n  have in t e l l ig e n c e .  We have asked  th e  wrong 
q u e s tio n s . We a sk  how much. We m ust a s k  what k ind" (W atkins, no 
d a te  g iv e n ) . The S tan fo rd -B en e t and th e  W echsler t e s t s  a r e  h ig h ly  
c o r r e la te d  w ith  schoo l su ccess  because b o th  depend on v e rb a l a b i l i t i e s .  
J .  F . G u ilfo rd , through f a c to r  a n a ly s i s ,  was a b le  to  d e f in e  120 d i s c r e t e  
f a c to r s  which make up th e  i n t e l l e c t .  The Meeker S tru c tu re  o f  I n t e l l e c t  
System c l a s s i f i e s  in te l l ig e n c e  a lo n g  th re e  d im ensions: o p e ra t io n  (o f
which th e re  a r e  f i v e ) ,  c o n te n t ( f o u r ) ,  and p ro d u c t o f  i n t e l l e c t u a l  
p ro c e s s in g  ( f i v e ) , CFS, th e re fo re ,  i s  th e  o p e ra t io n  o f  c o g n itio n  a c t in g  
upon f i g u r a l / s p a t i a l  c o n te n t,  to  produce system s. I t  t e s t s  th e  a b i l i t y  
to  p e rc e iv e  a system  from any v ie w p o in t. " I t  i s  a tw o-d im ensional 
P ia g e t a b i l i t y .  Low s c o re s  in  t h i s  dim ension w i l l  make th e  le a r n in g  o f  
geom etry, c a lc u lu s ,  and tr ig o n o m etry  d i f f i c u l t ,  even when co m p u ta tio n a l 
s k i l l s  a r e  good" (Meeker & Meeker, 1967, p. 5 ) .
CFT th en  i s  th e  c o g n it io n  o f  f i g u r a l  tra n s fo rm a tio n s ,  a th re e  
d im ensional t e s t .  "T h is  i s  a  t e s t  o f  th e  a b i l i t y  to  tran sfo rm  f ig u r e s — 
to  re c o g n iz e  a f ig u re  when i t  has been ro ta te d  in to  a new o r ie n t a t i o n .  
The a b i l i t y  being  te s te d  i s  c r i t i c a l  f o r  m athem atics problem  so lv in g  in  
geom etry, c a lc u lu s ,  and tr ig o n o m etry "  (Meeker & Meeker, 1967, p . 6 ) .
The SOI t e s t s  have been c o n t in u a l ly  v a l id a te d  from 1962 to  th e  
p re s e n t .  The two s p a t i a l  p e rc e p tio n  t e a t s  a r e  n o n -v e rb a l. I n s t r u c t io n s  
a r e  g iven  by th e  a d m in is tr a to r  o f  th e  t e s t .
D if f e r e n t ia l  A p titu d e  TeBts (Form S) were c o p y rig h ted  in  1972 and 
have become perhaps th e  most p o p u la r a p t i tu d e  t e s t  f o r  mass u se  in  
school sy stem s. The t e s t  c o n s i s t s  o f  60 p a t te r n s  which can be fo ld ed
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in to  f ig u r e s .  To th e  r i g h t  o f  th e  p a t te r n  a r e  fo u r  th re e -d im e n sio n a l 
form s. The s tu d e n t i s  to  choose which one o f  th e  forms could  be made 
from  th e  p a t te r n .  A gain, t h i s  i s  a n o n -v e rb a l t e s t ,  which must be 
d i r e c te d  by an exam iner. The w r i t e r 's  p rim ary  i n t e r e s t  in  t h i s  t e s t  was 
one o f  a v a i l a b i l i t y ,  and th e  d e s i r e  to  d e te rm in e  c o r r e la t io n s  between 
t h i s  p o p u la r s p a t i a l  t e s t  and th e  Meeker o n es , which th e  w r i te r  found 
so f a s c in a t in g  (Appendix C).
P rocedures Used fo r  A n aly sis  o f  th e  Data 
The E ast Tennessee S ta te  U n iv e rs ity  com puter c e n te r  was u t i l i z e d  
in  th e  a n a ly se s  fo r  t h i s  s tu d y . The product-m oment c o e f f i c i e n t ,  r ,  was 
used to  t e s t  fo r  c o r r e l a t i o n ,  and th e  t - t e s t  fo r  Independent sam ples 
was used f o r  t e s t i n g  d i f f e r e n c e s .
H ypotheses 1 , 2, 3, and 4 w ere c o r r e la te d  by th e  u se  o f  P e a rs o n 's
I
" r " ;  tw o - ta i le d  t e s t s  and th e  e x a c t l e v e l  o f  s ig n if ic a n c e  were re c o rd e d . 
A s tep w ise  m u lt ip le  r e g re s s io n  between th e  th re e  s p a t i a l  t e s t s  (DAT,
CFS, CFT) and th e  geom etry f i n a l  grade was done.
For hypo theses 5 , 6, 7, 8, 9, and 10 a  s ig n i f i c a n t  d if f e r e n c e  was 
sought th rough a p p l ic a t io n  o f  a t - t e s t  f o r  independen t g roups. Thus, 
th e  r e s e a rc h e r  would know d if f e re n c e s  a s  w e ll a s  l ik e n e s s e s  in  a l l  
hyp o th eses  te s t e d .
H ypotheses
The fo llo w in g  hypo theses a r e  s ta te d  in  th e  n u l l  form and were 
te s t e d  in  th e  n u l l  form:
H^: There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between
th e  s tu d e n ts ' s c o re s  on CFS and t h e i r  f in a l  g rad es  in  geom etry.
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HgS T here w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between
s tu d e n ts ' s c o re s  on CFT and t h e i r  f i n a l  g rades in  geom etry.
H^: There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between th e
s tu d e n ts ' DAT-Space R e la tio n s  t e s t  and t h e i r  f i n a l  g rades in  geom etry.
There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between th e
s tu d e n ts ' perform ance In  c a lc u lu s  I  and th e i r  h igh  schoo l geom etry g rade.
H^: There w i l l  be no s ig n i f i c a n t  d if f e r e n c e  on th e  DAT-Space
R e la tio n s  t e s t  between males and fem ales.
Hg! There w i l l  be no s ig n i f i c a n t  d if f e r e n c e  on th e  CFS sc o re s  
between m ales and fem ales .
H^: There w i l l  be no s ig n i f i c a n t  d if f e r e n c e  on th e  CFT s c o re s
between m ales and fem ales.
Hgi There w i l l  be no s ig n i f i c a n t  d i f f e r e n c e  in  th e  f i n a l  geom etry 
g rades between males and fem ales .
Hg : There w i l l  b e  no s ig n i f i c a n t  d if f e r e n c e  between th e  mean
c a lc u lu s  g rades o f m ales and fem ales .
H^q: T here w i l l  be no s ig n i f i c a n t  d if f e re n c e  between th e  c a lc u lu s
g rades o f  th o se  s tu d e n ts  who have had a  p rev io u s  c o l le g e  math c o u rse  and 
th o se  who have n o t.
CHAPTER A
A n aly s is  o f Data 
In tro d u c t io n
The problem  o f th i s  s tu d y  was to  d e te rm in e  I f  s p a t i a l  p e rc e p tio n  
cou ld  be a p r e d ic to r  o f  su ccess  in  h ig h e r m athem atics. T his c h a p te r  
c o n ta in s  th e  s t a t i s t i c a l  a n a ly se s  used in  th e  s tu d y . The a n a ly se s  
p re sen te d  a r e  In  b o th  n a r r a t iv e  and ta b u la r  form , u s in g  th e  n u l l  
hypo theses fo r  t e s t in g .
R e su lts  a re  re p o r te d  in  two s e c t io n s  w ith  th e  f i r s t  s e c t io n  be in g  
dom inated by s i m i l a r i t i e s .  For the  hypo theses in  th e  f i r s t  s e c tio n  (1, 
2, 3 and A) the  r e s e a rc h e r  su sp ec ted  s i m i l a r i t i e s .  S u b d iv is io n s  o f  th i s  
s e c t io n  d e a l w ith  sim ple  c o r r e la t io n  and m u ltip le  r e g re s s io n .  The 
second s e c t io n  p r im a r ily  concerns th o se  hypo theses which presuppose 
d if f e re n c e s  (5 , 6, 7, 8, 9 and 1 0 ) . T - t e s t s  fo r  independent groups a re  
u t i l i z e d  in  t h i s  s e c t io n .
The re a d e r  i s  rem inded th a t  t h i s  s tu d y  invo lved  two d i s t i n c t  
p o p u la tio n s . The f i r s t  c o r r e la te d  th e  r e s u l t s  o f  th re e  s p a t i a l  
p e rc e p tio n  t e s t s  ta k en  by h igh  schoo l s tu d e n ts  w ith  t h e i r  f in a l  geom etry 
g rad es . In  th e  second p o p u la tio n  th e  h igh  schoo l geom etry g rades o f  
c o l le g e  s tu d e n ts  were c o r r e la te d  w ith  t h e i r  c o l le g e  g rad es . Geometry 
was used a s  th e  b rid g e  between s p a t i a l  p e rc e p tio n  and c a lc u lu s  I 
perform ance. Secondly , th e  r e s e a rc h e r  exp lo red  any d if f e re n c e s  in  
perform ance by sexes in  a l l  o f  th e  v a r ia b le s .  The age v a r ia b le  was n o t 
an h y p o th esis  but some in t e r e s t in g  o b se rv a tio n s  were made and noted
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re g a rd in g  i t .  Raw d a ta  fo r  a l l  ta b u la r  v a lu e s  may be found in  Appendix 
A.
S im i la r i t i e s  I d e n t i f ie d  by C o r re la t io n  o f S p a t ia l  
P e rc e p tio n  T ea ts  w ith  F in a l Geometry G rades;
Geometry w ith  C a lcu lu s  I
Simple C o rre la tio n s
Age, sex , DAT sc o re s  (when a v a i l a b l e ) ,  CFS sc o re s  (ad m in is te re d ) 
and CFT sc o re s  (ad m in is te re d ) w ere e n te re d  a s  independent v a r ia b le s  fo r  
c o r r e la t io n  w ith  f i n a l  geom etry g rades a s  th e  dependent v a r ia b le .  The 
c o r r e la t io n  a n a ly s is  was perform ed u s in g  th e  SPSS-X program. T his 
program u t i l i z e d  th e  fo llo w in g  form ula fo r  Pearson c o r r e la t io n  
c o e f f i c ie n t s  ( r )  (N o ru sis , 1983, p . 92 ):
Si= l  (Xi  '  X)(Yi  "  Y)
r * i
{ [Zt - l  (Xi  " (y i  -  y >2 ] }2
or
E(Xi  -  X)(Y1 -  Y)
r  ------------------------------
(n  -  l ) o  o x y
where X^ ■ 1 th  o b se rv ab le  v a r ia b le  X 
Y^ -  i t h  o b se rv ab le  v a r ia b le  Y 
H ■ number o f  o b se rv a tio n s  
X -  mean o f v a r ia b le  X 
Y ■ mean o f  v a r ia b le  Y
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The s in g le  c o r r e l a t i o n  c o e f f i c i e n t s  th u s  o b ta in ed  a r e  shown in  
T able 1 , u s in g  th e  tw o - ta i le d  t e s t  a t  th e  .05 s ig n if ic a n c e  l e v e l .  The 
hypo theses s ta t e d  a re  in  th e  n u l l  fo rm at.
T able 1
C o rre la tio n  o f  S e le c te d  P re d ic to r  V a ria b le s  w ith  High School Geometry 
Grades
2P re d ic to r  V a ria b le  r  r  p n
^  (CFS) .3474* .1207 .000* 112
X2 (CFT) .1998* .0399 .035* 112
(DAT-Space R e la tio n s) .3601* .1297 .000* 97
X4 (Age) -.4 5 7 8 * .2096 .000* 112
X, (Sex) 5 .0059 .00003 .950 112
* S ig n lf le a n t  a t  th e  .05 le v e l .
H^: T here w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between th e
s tu d e n ts ' s c o re s  on CFS and t h e i r  f i n a l  g rades i n  geom etry.
The c o r r e la t io n  c o e f f i c i e n t  was 0.3474 (p -  .000 which i s  l e s s  than
th e  .05 le v e l  e s ta b l is h e d  fo r  t e s t i n g ) ;  th e r e f o r e ,  th e  n u l l  h y p o th e s is
was r e je c te d  and th e  re s e a rc h  h y p o th e s is  was ac c e p te d . As shown in
T able 1 , th e re  was a  s ig n i f i c a n t  p o s i t iv e  c o r r e l a t io n  between s tu d e n ts '
s c o re s  on CFS and t h e i r  f i n a l  g rades i n  geom etry. S cores on CFS and
2
f i n a l  geom etry g rad es  sh a re  a common v a r ia n c e  ( r  ) o f  12.07Z.
Hg! There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e la t io n  between 
s tu d e n ts ' s c o re s  on CFT and th e i r  f i n a l  g rad es  in  geom etry.
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As shown in  Table 1 , th e  c o r r e l a t i o n  c o e f f i c ie n t  between CFT and 
geom etry grades was 0.1998 (p °  .035 which was l e s s  than  th e  .05 
s ig n if ic a n c e  l e v e l ) ;  th e r e f o r e f th e  n u l l  h y p o th e s is  was r e je c te d  and th e  
re s e a rc h  h y p o th e s is  was accep ted  th a t  th e re  was a  s ig n i f i c a n t  p o s i t iv e  
c o r r e la t io n  between s tu d e n ts ' s c o re s  on CFT and th e i r  f i n a l  g rades In  
geom etry. These two v a r ia b le s  sh a re  a common v a r ia n c e  o f  o n ly  3.99%.
There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e l a t io n  between th e  
s tu d e n ts ' DAT-Space R e la tio n s  t e s t  and th e i r  f i n a l  g rades in  geom etry.
Again r e f e r r in g  to  T able 1, page 34, th e  c o r r e l a t io n  c o e f f i c i e n t  
between DAT sc o re s  and f i n a l  geom etry g rades  i s  0.3601 (p “ .0 0 0 , l e s s  
than  th e  e s ta b l is h e d  .0 5 ) .  The n u l l  h y p o th e s is  was a g a in  r e je c te d  and 
th e  re s e a rc h  h y p o th e s is  was ac c e p te d . The r e s e a rc h e r  concluded  th a t  
th e re  was a s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between th e  s tu d e n ts ' 
DAT-Space R e la tio n s  t e s t  and t h e i r  f i n a l  g rades in  geom etry. These two 
v a r ia b le s  sh a re  a common v a r ia n c e  o f 12.97%.
As can be n o ted  from T ab le  1 , page 34, th e re  was no s ig n i f i c a n t  
c o r r e l a t io n  between sex  and th e  f i n a l  geom etry g rad es . In  th e  n ex t 
s e c t io n  o f  t h i s  c h a p te r , th e  in v e s t ig a to r  w i l l  ex p lo re  th e  p o s s i b i l i t y  
o f  a  s ig n i f i c a n t  d i f f e r e n c e .  Age, a s  was no ted  in  Table 1 , page 34, had 
a s ig n i f i c a n t  n e g a tiv e  c o r r e l a t i o n  w ith  f i n a l  geom etry g rad es ; th a t  i s ,  
th e  younger th e  s tu d e n t ,  th e  b e t t e r  h is  g rad e . The ages in  t h i s  
p o p u la tio n  ranged from 14 th rough  18.
H^: There w i l l  be no s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between th e
s tu d e n ts ' perform ance in  C a lcu lu s  I  and th e i r  h lg h -sc h o o l geom etry g ra d e s .
R e fe rr in g  to  T ab le 2, th e  c o r r e l a t i o n  c o e f f i c ie n t  between c a lc u lu s  
I  and h ig h -sch o o l geom etry was 0.3728 (p -  .000 , l e s s  than  th e  .05
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l e v e l  fo r  t e s t i n g ) .  T h e re fo re  th e  n u l l  h y p o th e s is  was a g a in  r e je c te d  
and th e  re s e a rc h  h y p o th e s is  a c c e p te d . There was a s ig n i f i c a n t  p o s i t iv e  
c o r r e l a t i o n  between a  s tu d e n ts ' h ig h -sch o o l geom etry grade and h is  
perform ance in  c a lc u lu s  1. These two v a r ia b le s  have a  common v a r ia n c e  
o f  13.90Z.
T able 2
C o rre la tio n  o f  S e le c ted  P re d ic to r  V a r ia b le s  w ith  C a lcu lu s  1 Grades
P re d ic to r  V ariab le r 2r P n
X^ (High School Geometry) .3728* .1390 .000* 179
Xg (Humber o f c o l le g e  
math co u rse s ) -.1703* .0290 .023* 179
X3 (Age) .0214 .0005 .777 179
X^, (Sex) .0710 .0050 .345 179
* S lg n if le a n t  a t  th e  .05  le v e l .
These fo u r  hypo theses a p p lie d  d i r e c t l y  to  th e  problem  o f  t h i s  s tudy  
and len d  su p p o rt to  th e  r e s e a r c h e r 's  c o n te n tio n  th a t  s p a t i a l  p e rc e p tio n  
i s  an im p o rtan t p r e d ic to r  o f  su ccess  in  h ig h e r  m athem atics.
I t  i s  a ls o  i l l u s t r a t e d  in  Table 2 th a t  th e re  was no s ig n i f i c a n t  
c o r r e la t io n  between sex  and th e  dependent v a r ia b le s  ( in  th i s  c a se , 
c a lc u lu s  perfo rm ance). I n te r e s t in g ly ,  th e re  was a s ig n i f i c a n t  n e g a tiv e  
c o r r e la t io n  between th e  number o f  c o l le g e  m athem atics co u rse s  taken  by 
s tu d e n ts  and t h e i r  c a lc u lu s  g ra d e s . I t  was n o t th e  in t e n t  o f t h i s  study  
to  determ ine why c e r t a in  r e la t io n s h ip s  e x i s t ,  on ly  w hether o r  n o t th ey
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e x i s t  and to  what d eg ree . These d i f f e r e n c e s  w i l l  be analyzed  in  th e  
fo llo w in g  c h a p te r .
M u ltip le  R egression
The f iv e  independent v a r ia b le s  o f  ag e , sex , CFS, CFT, and DAT were 
e n te re d  in to  th e  com puter to  de term ine  th e  c o r r e la t io n  between f in a l  
geom etry grade and some com bination  o f  two o r  more o f  th e se  p r e d ic to r  
v a r ia b le s .  The most pow erful p r e d ic to r  o f th e  f iv e  was ag e , follow ed 
by CFS (Table 3 ) . T ogether, age and CFS p re d ic te d  54% o f  th e  geom etry 
g rade.
T able 3
S ig n if ic a n t  P re d ic to r  V a ria b le s  fo r  High School Geometry
M u ltip le F -value F -value Degrees o f
V ariab le R Achieved Needed P Freedom
Age .45632 24,98 3.955 ,000 1 /95
CFS (w ith  age) .54459 19.82 3.954 .000 1/94
The com bination o f  th e se  two p r e d ic to r s  canno t be s ig n i f i c a n t l y  
improved upon by any o f  th e  o th e r  th r e e ,  s in c e  a l l  o f t h e i r  p -v a lu e s  
were g re a te r  than  .05 .
By f a c to r in g  th e  v a r ia b le  age ou t o f th e  r e g re s s io n ,  th e  o th e r  
v a r ia b le s  then  had th e  in d iv id u a l  c o r r e l a t io n s  shown in  T able 4 . 
A lthough th i s  was a h y p o th e tic a l  s i t u a t io n  i t  i l l u s t r a t e s  th e  o rd e r  and 
r e l a t i v e  magnitude o f  th e  o th e r  v a r ia b le s .
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T ab le  4
In d iv id u a l V a riab le  C o r re la t io n s  w ith  Geometry





* S ig n lf le a n t  a t  .05 l e v e l .
In  th e  c o lle g e  d a ta ,  on ly  th e  h igh  Bchool geom etry grade had a 
m u lt ip le  c o r r e la t io n  c o e f f i c ie n t  o f  s u f f i c i e n t  m agnitude to  be a 
s ig n i f i c a n t  p r e d ic to r  o f  c a lc u lu s  I  g rad es . I t s  m u ltip le  "R" was
0.37280, w ith  F ■ 28.57 and s ig n i f i c a n t  beyond .000.
T able 5
S ig n if ic a n t  P re d ic to r  V a ria b le s  fo r  C alcu lu s I
M u ltip le F -value F -value D egrees o f
V a ria b le R Achieved Needed P Freedom
Geometry 0.37280 28.57 3.84 .000 1/177
The p re d ic to r  eq u a tio n  fo r  a  s tu d e n t 's  c a lc u lu s  1 grade (y) would 
be y -  41.55501 + 0.47289X (Borg 4 C a ll ,  p. 592) where X i s  th e  h igh  
schoo l geom etry g rad e , 41,55501 i s  th e  p o in t where th e  l i n e  o f  re g re s s io n  
c ro s s e s  th e  y - a x ls ,  and 0.47289 i s  th e  s lo p e  o f  th e  l i n e  o f  r e g re s s io n .
39
I f  a  s tu d e n t 's  h igh  school geom etry g rade i s  known h is  p ro b ab le  deg ree  
o f  su ccess i n  c a lc u lu s  I  can th u s  be p re d ic te d .
D iffe re n c e s  I d e n t i f i e d  by S e le c te d  V a ria b le s
D iffe re n c e s  Between th e  Sexes
T - te s t s  fo r  independen t groups ( tw o - ta i le d )  were used to  t e s t  
hypo theses 5 , 6, 7, 8 , 9 and 10. Table 6 p ro v id es  d a ta  fo r  th e
d is c u s s io n  o f hypo theses 5 , 6, 7 and 8 .
Hgj There w i l l  be no s ig n i f i c a n t  d i f f e r e n c e  in  th e  DAT-Space 
R e la tio n s  t e s t  sc o re s  between m ales and fem ales.
The t- v a lu e  fo r  DAT fa v o rs  fem ales s l i g h t l y  bu t no t s ig n i f i c a n t l y .
A t-v a lu e  o f -0 .8 2 , w ith  p “  .417 was n o t s ig n i f i c a n t  a t  th e  .05 le v e l
which was e s ta b l is h e d  fo r  t e s t i n g  th e  hyp o th eses . The in v e s t ig a to r  was 
u n ab le  to  r e j e c t  th e  n u l l  h y p o th e s is . There were 97 s tu d e n ts  in  t h i s  
p o p u la tio n , 46 o f  whom were m ale, 51 were fem ale.
There w i l l  be no s ig n i f i c a n t  d i f f e r e n c e  between th e  sc o re s  o f  
m ales and fem ales on th e  CFS t e s t .
The t- v a lu e  between th e  sexes on CFS was -0 .8 1 ,  s l i g h t l y  in  fav o r 
o f  fem ales b u t no t s ig n i f i c a n t l y  so . W ith p « .418, which i s  g r e a te r  
than  th e  .05 c r i t i c a l  v a lu e , th e  in v e s t ig a to r  f a i l e d  to  r e j e c t  th e  n u l l  
h y p o th e s is . In  t h i s  p o p u la tio n  o f  112, th e re  were 51 m ales and 61 
fem ales .
H^: There w i l l  be no s ig n i f i c a n t  d if f e r e n c e  in  th e  CFT sc o re s
between m ales and fem ales.
The t - v a lu e  between th e  sexes f o r  CFT was 0 ,0 6 , w ith  p » .952.
Again th e  n u l l  h y p o th e s is  cou ld  no t be r e je c te d  because th e  p -v a lu e  i s
Table 6
Comparison o f  Male and Female Grades
Pooled V ariance E stim ate*
V ariab le
Number 
o f  Cases Mean
S tandard









Degrees o f 
Freedom













































0.135 1.51 0.136 -0 .7 2 110 0.47
Group 1 -  male 
Group 2 -  fem ale
^Pooled v a r ia n c e  e s tim a te  was used because each F -v a lu e  has a  p ro b a b i l i ty  > .0 5 , in d ic a t in g  th a t  th e  
v a r ia n c e s  a r e  s t a t i s t i c a l l y  e q u a l.
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g re a te r  than  .0 5 . I t  was, however, s l i g h t l y  in  fav o r o f  th e  m ales, in  a 
p o p u la tio n  o f 112 w ith  51 m ales and 61 fem ales.
H_: There w i l l  be no s ig n i f i c a n t  d i f f e r e n c e  in  th e  f i n a l  geom etryo
grades between males and fem ales.
A t-v a lu e  o f -0 .7 2 , w ith  p = 0.471 which i s  g r e a te r  than  .05 ag a in  
le d  to  f a i l u r e  to  r e j e c t  th e  n u l l  h y p o th e s is . In  a p o p u la tio n  o f 51 
m ales and 61 fem ales , g rades  o f  th e  fem ales were s l i g h t ly  b e t t e r  b u t no t 
s ig n i f i c a n t ly  so .
Hgi There w i l l  be no s ig n i f i c a n t  d if f e re n c e  between th e  mean 
c a lc u lu s  g rades o f  m ales and fem ales.
As shown in  T able 7, th e re  was a t- v a lu e  between th e  mean c a lc u lu s  
g rades o f  m ales and fem ales o f  -0 .9 8 ,  and p ■ 0.327 which i s  g r e a te r  
than  th e  c r i t i c a l  .0 5 . Thus, th e  In v e s t ig a to r  was unable to  r e j e c t  th e  
n u l l  h y p o th e s is .  T h is  p o p u la tio n  c o n s is te d  o f  104 m ales and 75 fem ales 
who had taken c a lc u lu s  I  a t  King C o llege  o ver th e  l a s t  5 y e a rs .
In  none o f  th e  f iv e  hypo theses con ce rn in g  a d if f e r e n c e  in  sc o re s  
between m ales and fem ales d id  a n a ly se s  In d ic a te  a s ig n i f i c a n t  d if f e r e n c e .
In f lu e n c e  o f P rev ious C ollege 
M athem atics Courses
**10: ^ e r e  w i l l  be no s ig n i f i c a n t  d if f e r e n c e  between th e  c a lc u lu s
grades o f  th o se  s tu d e n ts  who had a p rev io u s  c o l le g e  math co u rse  and 
th o se  who have had none.
Those s tu d e n ts  who had n o t had p rev io u s  c o l le g e  m athem atics co u rse s  
had a s ig n i f i c a n t ly  b e t t e r  grade average  (mean) than th o se  who had 
tak en  one, two, o r  th re e  c o u rse s  p re v io u s ly . T h e re fo re , w ith  a t -v a lu c  
o f 2,64 and p ** .009 (which i s  l e s s  th an  .05) the  in v e s t ig a to r  r e je c te d
Table 7
Comparison o f Male and Female C alcu lus Grades
S ep ara te  V ariance E stim ate*
V ariab le
Number 
o f Cases Mean
Standard









Degrees o f  
Freedom












0.987 1 .58 0.039 -0 .9 8 175.24 0.327
Group 1 -  Male 
Group 2 -  Female
*An F -va lue  p r o b a b i l i ty  o f  <_ .05 in d ic a te s  th a t  th e se  two v a r ia n c e s  a r e  u n equal. T h e re fo re , th e  
s e p a ra te  v a r ia n c e  e s tim a te  i s  used .
to
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th e  n u l l  h y p o th e s is  and accep ted  the  re s e a rc h  h y p o th e s is  th a t  th e re  was 
a s ig n i f i c a n t  d if f e re n c e  between th e  c a lc u lu s  g rades  o f s tu d e n ts  who had 
p re v io u s ly  tak en  c o l le g e  math c o u rse s  and th o se  who had n o t (T able 8 ) .
The d a ta  p re sen te d  in  Table 8 in d ic a te s  th a t  th o se  s tu d e n ts  who 
had n o t had p rev io u s  c o lle g e  math c o u rse s  had s ig n i f i c a n t l y  b e t t e r  grade 
av erag es  than  th o se  who had taken  one, two, o r th re e  co u rse s  p re v io u s ly . 
A gain, i t  i s  o u ts id e  th e  scope o f  t h i s  s tu d y  to  a tte m p t an e x p la n a tio n  
as  to  why th i s  i s  t r u e .
Table 8
In f lu e n c e  o f  P rev io u s C o llege M athem atics C ourses on C alcu lus Grades
Pooled V ariance E stim ate*
V ariab le
Number 
o f  Cases Mean
Standard





2 - t a l l  T 
Prob. Value
Degrees o f  
Freedom












1.246 1 .39 0.124 2.64 177 0.009
Group 1 -  Had no p rev io u s c o lle g e  math c o u rse s .
Group 2 -  Had one, two o r  th re e  p rev io u s  c o lle g e  math c o u rse s .
*The F -value  w ith  a  p ro b a b i l i ty  o f  0.124 > .05 In d ic a te s  equal v a r ia n c e s .  T h ere fo re  th e  pooled 
v a r ia n c e  e s tim a te  i s  used .
CHAPTER 5
Summary, C onclusions and Recommendations 
Summary
The problem  o f  t h i s  s tu d y  was to  de term ine  i f  s p a t i a l  p e rc e p tio n  
could  be a p re d ic to r  o f  su ccess  in  h ig h e r m athem atics. Two s p a t i a l  
p e rc e p tio n  t e s t s  were ad m in is te re d  by th e  I n v e s t ig a to r  to  th e  f iv e  
i n t a c t  geometry c la s s e s  a t  Tennessee High School, B r i s to l ,  T ennessee .
A fte r  a s h o r t  warm-up e x e rc is e  on v is u a l  c lo s u re ,  th e  t e s t  on 
tw o-dim ensional p e rc e p tio n . C ogn ition  o f  F ig u ra l Systems (CFS), was 
a d m in is te re d . Im m ediately fo llo w in g , th e  t e s t  o f  th re e -d im e n sio n a l 
p e rc e p tio n , C ogn ition  o f  F ig u ra l T ran sfo rm ation  (CFT) was a d m in is te re d .
The r e s u l t s  o f  a th i r d  te B t, D i f f e r e n t ia l  A p titu d e  T est-S p ace  R e la tio n s  
(DAT) were o b ta in ed  from th e  perm anent f i l e s  o f  th e  s tu d e n ts .  The 
th re e  t e s t  sc o re s  were th en  c o r r e la te d  in d iv id u a l ly  and c o l l e c t iv e l y  w ith  
th e  f in a l  g rades in  geom etry. Using geom etry a s  a b r id g e , th e  
in v e s t ig a to r  then  c o r r e la te d  h ig h -sch o o l geom etry g rades w ith  th e  same 
s tu d e n ts ' c a lc u lu s  g rad es . The c o l le g e  in fo rm a tio n  was o b ta in ed  from 
th e  permanent re c o rd s  a t  King C o lleg e , and invo lved  every  s tu d e n t who 
had taken  c a lc u lu s  I  f o r  th e  l a s t  f iv e  y e a rs .  The d esig n  was to  move 
from s p a t i a l  p e rc e p tio n  to  geom etry, geom etry to  c a lc u lu s ;  th e re fo re ,  
s p a t i a l  p e rc e p tio n  to  c a lc u lu s .
A se a rc h  fo r  r e la te d  l i t e r a t u r e  produced two s tu d ie s  (C a rr , 193S; 
McGee, 1979) which confirm ed th e  I n v e s t i g a to r 's  su sp ic io n  o f  a g e n e tic  
f a c to r  in  s p a t i a l  p e rc e p tio n . The in v e s t ig a to r  a lso ' found a 2 0 -y e a r-o ld  
s tu d y  (Sm ith, 1964) c o r r e l a t in g  b o th  tw o-d im ensional and th re e -d im e n s io n a l
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space  t e s t s  w ith  p lan e  geom etry perform ance. Smith showed h ig h e r 
c o r r e la t io n s ,  b u t w ith  few er numbers th a n  t h i s  in v e s t ig a to r .  No a u th o r 
d isa g re e d  w ith  Gregory (1966, p . 224) th a t  " th e  v is u a l  b ra in  has i t s  own 
lo g i c ."
R ecent s tu d ie s  o f perform ance d i f f e r e n t i a t i o n  between m ale and 
fem ale , hove d isa g re e d  to  th e  e x te n t  o f  b e in g  n o n co n c lu siv e . No s tu d y  
in f e r r e d  th a t  th e  fem ale was s u p e r io r  in  m athem atical a b i l i t y ,  bu t many 
concluded th a t  fem ales and m ales w ere eq u a l.
Both Tennessee High School and King C o llege  a re  lo c a te d  in  B r i s to l ,  
an u p p er-E ast Tennessee town w ith  p o p u la tio n  o f  abou t 50,000 (w ith  i t s  
" tw in"  c i t y ,  B r i s to l ,  V irg in ia ) .  The h ig h  schoo l m a in ta in s  an  en ro llm en t 
o f ab o u t 1500 s tu d e n ts .  Of th e  f iv e  geometry c la s s e s  e x i s t in g  a t  th e  
tim e o f  t h i s  s tu d y , one te a c h e r  had th re e  c l a s s e s  and th e  o th e r  te a c h e r  
had o n ly  tiro c la s s e s .  Out o f  an  en ro llm en t o f  135, 112 s tu d e n ts  were 
p re se n t on th e  day o f th e  t e s t i n g .  King C ollege i s  a  sm all (500 s tu d e n ts )  
l i b e r a l  a r t s  c o lle g e  a f f i l i a t e d  w ith  the  P re s b y te r ia n  church . I t  has 
alw ays enjoyed a  r e p u ta t io n  o f  b e in g  acad em ica lly  s u p e r io r .
The two s p a t i a l  p e rc e p tio n  t e s t s  ad m in is te re d  by th e  in v e s t ig a to r  
were from th e  SOI I n s t i t u t e ' s  le a rn in g  a b i l i t y  p a c k e t. The CFS and CFT 
t e s t s  were chosen fo r  t h i s  re s e a rc h  because o f  t h e i r  p u b lish ed  v a l i d i t y  
and because t h i s  in v e s t ig a to r  has used them many tim e s . The o th e r  24 
t e s t s  in  t h i s  p ack e t a re  e q u a lly  o u ts ta n d in g ; none r e q u ir e  re a d in g  by 
th e  s tu d e n t .
The c o r r e la t io n s  in  t h i s  study  u t i l i z e d  P earson  Product-moment and 
th e  SPSS-X package a t  E as t Tennessee S ta te  U n iv e r s i ty 's  Computer C en te r.
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M u ltip le  re g re s s io n  a n a ly s is  was employed to  d e term in e  th e  com bination  
o f  v a r ia b le s  which c o r r e la te d  s ig n i f i c a n t l y  w ith  f in a l  geom etry g rad es , 
th e n  w ith  c a lc u lu s  g rad es .
D iffe re n c e s  in  perform ance between th e  sex es  were te s te d  th rough  
th e  use  o f  t - t e s t s  fo r  independen t g roups. The t - t e s t  was a lso  used to  
d e te rm in e  i f  a s ig n i f i c a n t  d i f f e re n c e  e x is te d  in  c a lc u lu s  perform ance 
between th o se  s tu d e n ts  who had fo rm erly  taken  a  c o l le g e  m athem atics 
co u rse  and th o se  who had n o t .
A n a ly s is  o f  th e  r e la t io n s h ip  o f  each p r e d ic to r  v a r ia b le  w ith  
h ig h -sch o o l geom etry g rades  showed a  s ig n i f i c a n t  c o r r e la t io n  ( a t  p » .05) 
fo r  CFS, CFT and DAT. CFS and DAT had v e ry  s tro n g  c o r r e la t io n s .
P earson  product-m oment showed a  low, b u t s ig n i f i c a n t ,  c o r r e la t io n  between 
CFT and th e  geometry g rad es . A n a ly s is  showed a  s tro n g  p o s i t iv e  
c o r r e la t io n  between h ig h -sch o o l geom etry g rades and perform ance in  
c a lc u lu s .  The com bination  o f  th e se  two a n a ly se s  would th en  in d ic a te  
th a t  th e  tw o-dim ensional s p a t i a l  p e rc e p tio n  t e s t  i s  a good p re d ic to r  o f  
su c c e ss  in  c a lc u lu s .
There was no s ig n i f i c a n t  d if f e r e n c e  between th e  sc o re s  o f  m ales and 
fem ales in  any o f  th e  a re a s  te s te d  (CFS, CFT, DAT, geom etry, c a l c u lu s ) . 
However, th e  c a lc u lu s  g rad es  o f  th o se  s tu d e n ts  who had had no p rev io u s  
c o l le g e  math co u rse s  w ere s ig n i f i c a n t l y  b e t t e r  th a n  th o se  who had had 
e i t h e r  one, two, o r  th re e  p rev io u s  c o u rs e s .
T ab le  9 i l l u s t r a t e s  th a t  w h ile  th e  c o r r e l a t i o n  between th e  v a r io u s  
s p a t i a l  p e rc e p tio n  t e s t s  and geom etry g rades  was s ig n i f i c a n t ,  th e  f i n a l  
geom etry mean grade was much h ig h e r  th a n  CFT o r  DAT. The mean geom etry
grade o f th e  King C ollege s tu d e n ts  s tu d ie d  was e ig h t  p o in ts  h ig h e r than  
th e  h ig h -sch o o l geom etry g roup . The av erage  o f a l l  c a lc u lu s  g rades 
was o n ly  th re e  p o in ts  low er than  th e  av erag e  geom etry g rades f o r  th e  
same s tu d e n ts .
T able 9





D ev ia tio n
H igh-School
Age 112 15.518 .977
Sex 112 .545 .500
DAT 97 65.165 24.064
CFS 112 82.024 26.071
CFT 112 51.140 12.355
Geometry 112 80.786 12.357
C ollege
Age 179 19.436 2.960
Sex 179 -0 .1 6 .500
Geometry 179 88.514 12.825
C ollege Hath 179 .615 .882
C alcu lu s 179 83.883 11.7
The d is p e r s io n ,  a s  measured by s ta n d a rd  d e v ia t io n ,  appeared  to  be 
ex trem ely  h igh  on a l l  th e  s p a t i a l  p e rc e p tio n  t e s t s  a s  w e ll a s  geom etry.
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T h is  would tend  to  su p p o rt th e  ’’in h e r i te d  a b i l i t y ” th e o ry  m entioned in  
C hapter 2.
A v ery  in t e r e s t in g  change o ccu rred  between th e  two le v e ls  o f s tu d y  
concern ing  the  predom inant sex  o f  th e  s tu d e n ts  (s e e  T ab le 1 0 ). The 
h ig h -sc h o o l p o p u la tio n  c o n s is te d  o f  55% fem ale and 45% m ale. With 
c o l le g e  s tu d e n ts ,  app rox im ate ly  4 y e a rs  o ld e r ,  th e  d i s t r i b u t io n  was 
42% fem ale and 58% m ale. The c la s s  dominance changed even though th e  
fem ales perform ed j u s t  a s  w e ll a s  m ales.
T able 10
P ercen tag e  o f  Males vs Fem ales in  High School and C o llege  C la sse s  S tud ied
Value Label Humber P ercen tag e
High schoo l s tu d e n ts 112
Male 51 45
Female 61 55




The fo llo w in g  co n c lu s io n s  were drawn based on th e  f in d in g s  o f  th e  
s tu d y :
1 , Among geom etry s tu d e n ts  a t  Tennessee High th e re  was a s ig n i f i c a n t  
p o s i t iv e  c o r r e la t io n  between sc o re s  on CFS and f i n a l  geom etry g rad es .
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2. Among geom etry s tu d e n ts  a t  T ennessee High th e re  was a
s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between s tu d e n ts ' s c o re s  on DAT-Space
R e la tio n s  and t h e i r  f i n a l  geom etry g ra d e s .
3. Among geom etry s tu d e n ts  a t  T ennessee High th e re  was a weak
b u t p o s i t iv e  c o r r e l a t io n  betw een s c o re s  on CFT and f i n a l  geom etry
g rad es .
A. The f a c t  th a t  th e re  was no s ig n i f i c a n t  d i f f e r e n c e  between th e  
sc o re s  o f  m ales and fem ales In d ic a te d  by r e s u l t s  o f  CFS, CFT, DAT, 
f in a l  geom etry g rades  o r  f i n a l  c a lc u lu s  g rades In d ic a te d  th a t  fem ales 
comprehend and m an ipu la te  a l l  l e v e l s  o f  math a s  w e ll a s  do m ales, 
c o n tra ry  to  some b e l i e f s .
5 . A s ig n i f i c a n t  d i f f e r e n c e  was shown between th e  c a lc u lu s  sc o re s  
o f th o se  s tu d e n ts  who had had no p rev io u s  m athem atics c o u rse s  and th o se  
who had had a t  l e a s t  one p rev io u s  co u rse . Those s tu d e n ts  w ith  no 
p rev io u s  c o l le g e  math c o u rse s  perform ed s ig n i f i c a n t l y  b e t t e r  in  c a lc u lu s .  
(P erhaps t h i s  in d ic a te s  b e t t e r  p re p a ra t io n  in  h igh  sch o o l fo r  th o se  
s tu d e n ts  whose e n try  le v e l  was c o l le g e  c a lc u lu s . )
6 . S ince th e re  was a s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n  between 
s p a t i a l  p e rc e p tio n  t e s t s  and geom etry, a s  w e ll a s  a s ig n i f i c a n t  p o s i t iv e  
c o r r e l a t i o n  between geom etry g rades  and c a lc u lu s  g rad es , i t  was concluded 
th a t  s p a t i a l  p e rc e p tio n  i s  a  good p r e d ic to r  o f  su ccess  in  h ig h e r  
m athem atics.
Recommendations
The fo llo w in g  recom m endations were made a s  a r e s u l t  o f  t h i s  s tu d y :
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1. S p a t ia l  p e rc e p tio n  t e s t s  should  be Inc lu d ed  In  th e  re g u la r  
t e s t in g  s t r u c tu r e  fo r  e lem en ta ry  and h ig h  sch o o l s tu d e n ts .
2. Recorded r e s u l t s  o f  s p a t i a l  p e rc e p tio n  t e s t s  shou ld  be 
d is t in g u is h e d  from o th e r  m athem atics r e l a t e d  a b i l i t i e s .
3. E lem entary te a c h e rs  shou ld  be s tro n g ly  urged to  em phasize 
geom etry, as  a  means o f develop ing  and enhancing  s p a t i a l  a b i l i t y .
4 . T his r e s e a rc h e r  recommends th a t  a t  l e a s t  one sem ester o f  s o l id  
geom etry would be b e n e f ic ia l  to  th e  h igh  schoo l s tu d e n t who i s  c o l le g e  
bound,
5 . S tu d en ts  who dem onstra te  t a l e n t  in  s p a t i a l  p e rc e p tio n  should  
be s tro n g ly  encouraged to  develop  th i s  t a l e n t ,  a s  w e ll a s  to  co n tin u e  
th e  s tu d y  o f m athem atics.
6. A lo n g i tu d in a l  s tu d y  would be v a lu a b le  w hich te s te d  c h i ld re n  
in  th e  f i r s t  grade and a t  r e g u la r  i n t e r v a l s  th rough  h igh  sch o o l. 
C o r re la t io n s  betw een e a r ly  and l a t e r  s p a t i a l  p e rc e p tio n  cou ld  be done, 
a s  w e ll a s  check ing  th e  p re d ic te d  perform ance in  geom etry and o th e r  
math co u rse s .
7. A s tu d y  w ith  t h i s  same form at shou ld  be done w ith  o th e r  SOI 
A rith m e tic  t e s t s  (com prehension o f  a b s t r a c t  r e l a t io n s  and com prehension 
o f num erical p ro g re s s io n s )  fo r  c o r r e la t io n  w ith  h ig h e r  m athem atics 
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T able 11
Data from Geometry S tu d e n ts , T ennessee High
60
D. No. Age Sex* DAT** CFS*** CFT*** Geo
001 16 0 100.00 069.20 95
002 15 1 — 100.00 069.20 86
003 14 1 85 100.00 065.40 94
004 16 0 70 100.00 061.60 78
005 16 0 03 057,70 042.33 94
006 16 0 60 092.33 050.00 84
007 16 1 — 061.66 065.40 58
008 15 0 75 084.66 053.80 70
009 15 0 55 069.20 034.60 87
010 15 1 45 084.66 057.70 70
O il 14 0 95 096.20 050.00 99
012 17 1 80 092.33 061.60 79
013 16 0 50 096.20 038.50 92
014 16 1 60 092.33 038,50 52
015 17 1 60 100.00 042.30 76
016 14 1 50 092.33 042.30 95
017 16 1 90 096.20 053.80 73
018 17 1 — 030.80 034.60 49
019 16 1 90 096.20 046.20 93
020 15 1 35 096.20 046.20 70
021 15 0 85 100.00 053.80 80
022 14 0 70 061.66 061.60 81
023 14 0 85 100.00 057.70 70
024 16 0 40 042.33 034.60 84
025 16 0 03 034.66 026.90 56
026 16 1 80 096.20 053.80 79
027 16 1 55 073.10 026.90 96
028 14 1 70 092.33 053.80 84
029 15 1 55 034.66 034.60 94
030 14 0 90 100.00 053.80 84
031 15 1 97 100.00 046.20 80
032 16 0 20 084.66 046.20 89
033 15 0 10 088.50 057.70 77
034 15 0 75 092.33 038.50 88
035 15 0 95 100.00 061.60 91
036 15 0 60 061.66 046.20 75
037 16 1 50 080.80 030.80 94
038 15 1 70 096.20 057.70 91
039 16 0 75 100.00 057.70 84
040 16 0 97 100.00 073.10 83
041 15 1 10 073.10 053.80 81
042 14 0 65 '011 .50 034.60 73
043 17 1 — 100.00 042.30 86
044 14 1 80 057.70 046.20 84
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Table 11 (continued)
D. Mo. Age Sex* DAT** CFS*** CFT*** Geo
045 15 1 70 076.90 042.30 88
046 15 0 — 096.20 026.90 89
047 15 0 60 011.50 050.00 85
048 15 1 95 100.00 065.40 90
049 16 0 35 092.33 061.60 80
050 16 0 97 100.00 046.20 88
051 14 1 45 088.50 073.10 92
052 14 1 80 096.20 050.00 96
053 16 0 85 096.20 046.20 76
054 16 1 40 038.50 034.60 71
055 14 1 99 100.00 076.90 96
056 15 1 75 096.20 046.20 91
057 17 0 30 053.80 034.60 36
058 15 1 95 092.33 046.20 99
059 15 0 25 069.20 053.80 75
060 16 0 75 084.66 038.50 77
061 15 0 85 096.20 046.20 89
062 16 1 40 096.20 030.80 70
063 17 1 10 084.66 053.80 70
064 15 1 30 042.33 034.60 70
065 15 0 97 100.00 073.10 99
066 18 1 — 100.00 069.20 71
067 15 0 65 096.20 057.70 70
068 15 0 — 100.00 073.10 87
069 14 1 — 076.90 026.90 98
070 16 1 — 096.20 057.70 72
071 15 0 55 015.40 042.30 48
072 17 1 75 084.66 042.30 64
073 16 1 80 100.00 038.50 75
074 15 1 55 100.00 042.30 70
075 15 0 75 076.90 050.00 73
076 16 0 70 092.33 061.60 76
077 16 0 95 100.00 065.40 96
078 16 1 60 096.20 057.70 81
079 18 1 70 100.00 053.80 59
080 15 1 95 100.00 065.40 99
081 15 1 65 088.50 038.50 84
082 15 1 40 096.20 050.00 86
083 15 1 75 096.20 061.60 85
084 15 0 40 019.20 038.50 74
085 16 1 50 092.33 053.80 71
086 16 1 90 100.00 034.60 80
087 15 0 75 100.00 057.70 77
088 18 1 65 003.80 042.30 48
62
Table 11 (continued)
I .D . No. Age Sex* DAT** CFS*** CFT*** Geo
089 14 0 99 100.00 076.90 98
090 15 1 90 096.20 069.20 92
091 15 1 80 100,00 053.80 91
092 17 0 60 084.66 057.70 72
093 16 0 35 030.80 042.30 91
094 17 1 — 092.33 046.20 78
095 16 0 40 092.33 053.80 80
096 15 1 65 096.20 076.90 81
097 15 1 — 096.20 057.70 94
098 17 0 55 092.33 038.50 83
099 18 1 45 050.00 046.20 68
100 17 1 97 100.00 057.70 75
101 16 0 60 088.50 046.20 89
102 17 0 60 100.00 057.70 63
103 17 1 — 096.20 057.70 90
104 15 1 90 077.00 042.30 90
105 15 0 75 100.00 073.10 86
106 15 1 85 092.33 046.20 90
107 15 1 97 096.20 053.80 95
108 15 1 50 084.66 061.60 77
109 15 1 50 023.10 053.80 71
110 16 0 85 096.20 065.40 79
111 15 0 — 100.00 042.30 87
112 15 0 — 007.70 065.40 79
*Sex i s  coded: male _ 0 , fem ale -  1 .
**DAT-Space r e l a t i o n  s c o re s  were a v a i la b le  f o r  o n ly  97 o f  th e  112 
geom etry s tu d e n ts  te s t e d .
***CFS and CFT sc o re s  were b o th  co n v erted  from a base o f  26 to  a base 
o f  100.
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Table 12
Data from King C ollege Records
No. C ollege





P r io r  to  
C alcu lu s
C alcu l
Grade
001 18 1 90 2 96
002 18 0 88 1 80
003 18 0 90 0 96
004 22 0 80 3 96
005 22 1 88 1 73
006 20 0 83 3 83
007 18 0 94 0 80
008 18 1 95 0 so
009 19 1 95 1 80
010 18 1 98 0 96
011 18 0 76 1 80
012 19 0 83 0 80
013 18 0 95 0 88
014 '18 1 91 0 88
015 18 0 97 0 96
016 18 1 95 0 8B
017 18 1 95 3 96
018 20 1 85 0 80
019 20 0 97 1 96
020 19 0 95 0 80
021 18 0 97 0 96
022 33 0 90 1 96
023 17 1 88 1 96
024 20 1 96 1 73
025 19 0 97 1 80
026 19 1 90 1 96
027 18 0 95 1 73
028 18 1 88 1 80
029 20 0 85 1 60
030 18 1 90 1 88
031 19 0 82 3 73
032 19 0 80 1 73
033 22 1 87 2 60
034 23 1 88 0 88
035 18 0 95 0 96
036 28 1 90 1 88
037 19 0 95 0 88
038 18 0 78 1 88
039 17 0 97 0 88
6 4
Table 12 (continued)
No, C ollege 
High Math C ourses 
School P r io r  to  C a lcu lu s  





















































































Ho, C o llege 
High Math C ourses 
School P r io r  to  C alcu lu s  



















































































Ho. C ollege 
High Math C ourses 
School < P r io r  to  C a lcu lu s  































































































































No. C o llege  
Math C ourses 
P r io r  to  
C alcu lu s
C alcu lu s
Grade**
161 19 1 90 0 80
162 18 1 97 0 80
163 21 0 95 2 60
164 18 0 98 0 88
165 19 1 95 0 96
166 18 0 97 0 88
167 19 0 90 0 96
168 19 1 93 0 96
169 19 0 90 0 80
170 18 1 93 0 80
171 19 1 95 1 88
172 18 0 90 0 96
173 18 1 93 0 88
174 18 1 97 0 88
175 19 1 96 0 96
176 18 1 97 0 80
177 18 0 96 0 80
178 19 1 82 2 80
179 19 0 80 0 96
*Sex I s  coded: Male *» 0, fem ale = 1,
**C alculus was reco rd ed  in  l e t t e r  g rades and co nverted  to  num erical in  
t h i s  manner: A ■ 96, B -  88, C -  80, D ■ 73, F “  60, in  accordance w ith





MU Form No. IDS Fag* 1 o f  1
E a s t  T ann a aa aa  S t a t e  U n i v e r s i t y  
I n s t i t u t i o n a l  Review Board 
H epor t  o f  P r o j e c t  Review
_ _  D isse r ta t io n ;  u.  .
P R O J E C T :  S o n t l f l l  P i » r c w H nn m  fln T n r i i r a r n r  n f  NO. 1 R t . t l S
S i i c c b b *  In Higher Hath a t  King Collage
P R I N C I P A L  I N V ES T I G A TO R :  Lou Ann Rolen___________________________________
The m s  S h o r t  Review S u b a o a m l t t e e  h a s  r e v ie w e d  th e  p r o j a o t  above 
w i t h  r e s p e c t  t o  human a u b j e e t  p a r t i c i p a t i o n  and h a s  m ade t h e  
f o l l o w i n g  r e o o n m e n d a t l o n s :
1. R isk s
The p r o j e c t .  I n v o l v e s  l i t t l e  f o ^ s e e c b l e  r i s k  and human 
s u b j e c t  s a f e t y  I s  a d e q u a t e l y  p r o t e c t e d .
 b .  The f o r e s e e a b l e  r i s k s  a r e  J u s t i f i e d ,  and t h e r e  a r e  a d e ­
q u a t e  s .n a a u re a  t o  p r o t e c t  human s u b j e c t s .
 e .  The r i s k s  a r e  J u s t i f i e d  b u t  t h e  f o l l o w i n g  c h a n g e s  a r e
a d v i s e d  b e f o r e  a p p r o v a l  o f  t h e  p r o j e c t ;
 d . The r i s k s  t o  humsr. s u b j e c t s  c a n n u t  be J u s t i f i e d .
2. In fo rm ed  C o n s e n t :
a . In fo rm e d  c o n t e n t  p r o c e d u r e s  e;-e - ( ' e q u a t e ,
 b .  I n f o r m e d  o o n s e n r .  p r o c e d u r e s  s i o u l d  be m o d i f i e d  a s
f o l l o w s  b e f o r e  a p p r o v a l  n f  o r o j e c i -
3 .  S u b j e c t  C o n f i d e n t i a l i t y
^ a . S u b j e c t  c o n f i d e n t i a l i t y  l a  a d e i | j s t e l y  p r o t e c t e d .
b . S u b j e c t  c o n f i d e n t i a l i t y  I s  n e t  a d e q u a t e l y  p r o t e c t e d ,  
and th e  f o l l o w i n g  e h a n ru a  shout*1 t c  made b e f o r e  p r o j e c t  
a p p r o v a l ;
1 .  Recommendation
a .  Approved a s  s u b m i t t e d .
b .  Hake s u g g e s t e d  r e v i s i o n s  and resubm  
The p r o j a o t  I s  r e j e c t e d  In i t s o .  
) a t e  t ^  \ < V
C helr iran  o f  t h e
300 Robin Road 
B r is to l ,  Tennessee 37620
Hatch 13, 1986
Cay Parker
SOI I n s t i t u t e
363 Richmond S tre e t
El Segundo, C a l i fo rn ia  90243
Hoar Ms. Parker;
I ora a docto ra l  student a t  East Tennessee S ta te  University .  My d i s s e r t a ­
t io n  p ro jec t  ( the t i t l e  Is s t i l l  e lusive)  pe r ta in s  to s p a t i a l  perception 
as an ind ica to r  of success In co llege mathematics. I do not plan to  work 
with the o the r  fac to rs ,  only s p o t l a l .  1 have received permission from the 
high school hero In B r is to l  to t e s t  the five geometry c la s se s ,  I n ta c t ,  and 
to  c o r r e la te  those r e s u l t s  v i th  the s tu d e n ts '  f in a l  geometry grade. Then 
1 u t i l  novo to King College, in B r is to l ,  for fu r the r  c o r r e la t io n s .  No 
attempt u l l l  be made to  change the student; only to  t e s t ,  c o r r e la te ,  and 
p red ic t ,
Thorclore, I request w ri t ten  permission from the SOI I n s t i t u t e  to i
( I )  L*sc the CFS■ CFT, and CFU su b ta s ts .  CPU may servo only as a 
" re lnxor" .
(3) Reproduce ISO copies of these three su b te s ts .  Of course, these 
copies u l l l  bo used for  research purposes only, and c r e d i t  w il l  
bo given to  SOI, The t e s t s  u l l l  a l so  be explained In the text 
of the  d is s e r ta t io n .
I was fo r tuna te  enough ti> a t tend  Doctor Decker's  workshop a t  ETSU two 
Summers ago. 1 became an advocate of SOI t e s t s ,  and have administered qu ite  
a few. U l l l  SOI fu rn ish  r e l i a b i l i t y  data? U l l l  I need the  research book?
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B ris to l, TN 37E20
Dear Ms. Rolen:
He were very happy to hear o f your In te re s t 1n doing 
an SOI research study. Your study Is very sim ilar to  one 
curren tly  being done by Dr. Richard Slaby 1n Nevada 
(ab strac t enclosed). You may want to try  to  rep lica te  
Ms study using more sophisticated s ta t i s t i c a l  techniques, 
o r you may want to Investigate more of the SOI a b il i t ie s  
and th e ir  re la tio n  to geometry. I recommend the l& e r . A 
very good study would en tail administering the Arithmetic/ 
Hath form of the te s t ,  and correlating  the re su lts  o f a ll  
the subtests with geometry grades.
I f  you prefer to look a t  Ju st CFS and CFT, you have 
ny permission to reproduce Ju s t those pages from the te s t ,  
on the condition tha t you send me a sample copy for my 
approval. As you know, the quality  of the copy can seriously 
a ffec t the va lid ity  of the re su lts .
I f  you decide to do the la rg e r study, you would need 
to purchase an Arithmetic/Hath form of the Test for each 
sub jec t. In addition , regardless o f which study you do, 
you w ill need the Collected Readings. Volume 1, and the 
"Research Studies" brochure. This w ill give you the v a li­
d ity  data and much o f the Information you w ill need to  do 
a review of the SOI l i te ra tu re .  All the m o b ility  data can 
be found In the Technical Data Manual. All m aterials pur­
chased In connection with a research study receive a 10% 
discount. Ju s t xerox the back of the enclosed catalogue 
to  place your order.
Please send us a copy of the  "methodoloy" and "resu lts" 




TOO Robin Road 
B r le to l ,  Tenne 37620
The Honorable Frederick C. Boucher 
1771 longworth HOB 
Houle of Repreiencatlvee 
Washington, D. C. 203)3
Dear Representative Boucher:
I am a docto ra l  candidate a t  Eact Tenneaiaa S ta te  Unlveralty . The 
topic of my d l t i e r t a t l o n  la  "S pat ia l  Perception aa a P red ic to r  of Succeat 
In Higher Kaeh".
While reviewing ay l i t e r a t u r e ,  1 cane acroaa an a r t i c l e  which I had 
l ived : your Congretilonal Report, published in  the B r le to l  Virginia -  
Tenneaiuan, Sunday, January 29, 1964. In I t ,  you apoka of "aa th ,  actence 
action ai one of the noat Important l t e a t  on the agenda of Congreaa In 1984.
Would you p l e n a  lend ol- Information on The Emergency Mathematics and 
Science Education Act? I am Interacted In what la  involved on the national 
leve l ,  os well aa ram ificat ion!  for V irginia  and Tenneaice. How w ill  the 
aid be d is t r ib u te d !  How w ill  need be defined?
The emphasis of ny work la  toward ea r ly  Id e n t i f ic a t io n  of po ten tia l  
math/erionce teachcr i  through spa t ia l  perception t e i t i .  Hlght any funda 
be ava ilab le  for  teacher t ra in in g  or detection?
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In response to your request, I am enclosing herewith a copy 
of It.R. 1310, the Emergency Mathematics and Science Act, which 
has been signed by the President as Public Law 98-377, I am also 
enclosing copies of the reports filed by the House Education and 
Labor Committee and the Science and Technology committee which 
explain this measure.
As a cosponsor of H.R. 1310 and a member of both of these 
Committees, I believe that this measure will help alleviate the 
critical shortage of math and science teachers at the elementary, 
secondary and post-secondary education levels. This bill 
authorizes funds for teacher training and retraining in math and 
science disciplines and for scholarships for promising college 
students planning tD become math and science teachers.
I hope that this information will be helpful to you. If I 
can be of further assistance to you, please give me a call.






BRISTOL TENNESSEE C ITY SCH O O LS
615 Edgtmont Avenue 
Brialo), Tcnnciac* 37620 
615-968-4171
BOARD OF EDUCATION WILLIAM J. MORRELL, Ed. D., Si*mwitfndtnl
CfUHUtM
MANHTOAKTT
JERRY D  CRONE u s m  C OCtR
U R tRV BO t O f M X U f l v n  m x * m t
MCf CMUUUN 
JU U l KINO
April 9, 1986
NANCY H H K XH AN. W  D




MRS. JOHN C. RATY. VR
HRonuM ofinxRwr krionhl 
MMLCL M'. UTTCKER. JR
NFTRtWM or f  RKR*t rooicn
Mr, William Helium 
Princ ipa l
Tenneateo High School 
Edgemont Avenue 
B r is to l ,  Tenneaaee 37620
Dear Mr, Hallum,
Permlaelon la  granted for  lla. Lou Ann Rolen to  admlntater a te a t  
to  the  geometry i tuden ta  at Tennetaee High School and to  uaa student 
peraonnel f i l e *  to  gain Information from the D if fe re n t ia l  Aptitude 
Teete,
All Information gained by Ha, Rolen u l l l  be uaed con fiden tia l ly  
and reportod without atudent namea or  other iden tify ing  codea.
Your cooperation w i l l  be appreciated a* Ha. Rolen1* finding* 
ahould be he lp fu l  to  ua In curriculum planning.
S incerely,
Haney H, Hickman
Supervlaor of Secondary Education
NHItiwp
XCt Ha, Lou Ann Rolen 




1112 Edgemont Avenue 
Bristol, T erinm ee 37620 
616-764-3166
William H, Hallum, Principal
April 12, 1984 *
TO WHQH IT KAV CONCERN
Hrs. A. C. Rolen has our approval to t e s t  students In a l l  
geometry c lasses a t  B risto l Tennessee High School. This te s tin g  
1s to  be arranged a t  the convenience of the teach ers; teachers 
have agreed to  cooperate with Hrs. Rolen In adm inistering the 
te s ts .
He are pleased to work with Hrs. Rolen In any way possib le 




TO] Dr. John Caines
Dean of the Faculty
FRDHt Lou Ann Rolen
Department o f  Mathematics
REi Information fo r  d i s s e r ta t io n .  "S pa t ia l  Perception 
Ki a P red ic to r  o f  Succeas In Higher Mathematics"
DATE: November 13. 1984
Request accost to  the grade sheets for  Calculus I  (Math 235) 
from tho f a l l  o f  1980 through the current semester. Also 
request access to  the personsl f l i e s  of a l l  s tuden ts  In 
these Calculus c lasse s  In order to obta in  age, sex ,  high 
school geosMtry grads, the r e su l t s  of any s p a t i a l  perception 
t e a ts  they may have taken, and whether or not t h i s  Is  t h e i r  
f i r s t  co l lege  mathematics course.
In accordance with the Family Educational Right Privacy Act 
of 1974 (20 U.S. Code 1232 g ) , a l l  information w i l l  be recorded 
by code only. No names o r  iden tify ing  c h a r a c t e r i s t i c s  of 
Ind iv iduals  o r  c la s se s  w i l l  be published.
Lou Ann Rolen '
Department of Hathematlcs
77
A pril 11, 1984
Dear Parent:
With your pa ru iea lon ,  I  w i l l  ba ada ln le te r ln g  three (3) t i a p le  ap a t la l  perception 
t e i t i  to  the e n t i r e  geonetry d a t a  on April 16, ' I t  ahould take no more than 13 
mlnucct of e l a t e  t i n t ,  and w i l l  be more fun than e t r e t t f u l .  Ko naaea w i l l  be 
publlthed, but I hope to  u te t h l t  information In a d leee rta t lon  on the topic of 
p red ic ting  eueceaa In aa thenac lce .
Dear Parent:
With your p e r d i t i o n ,  I w i l l  be a d c in i t te r ln g  three (3} alaptc apa t la l  perception 
cea t t  to  the e n t i r e  geometry c l e a t  on April 16, I t  ahould take no wore than 15 
a ln u t ta  of c l e a t  t in e ,  and w i l l  ba aore fun than a t re aa fu l ,  Ko naaea w il l  ba 
publlahed, but I hope to  ute t h l t  Information In a d l t t e r t a t lo n  on the topic of 
pred ic ting  eueceaa In a e th e a a t l c t .
Thank yo ■
Paren t! '  Signature
t t n r i ^ n r * .  K i m
April 11, 19B4
Thank yo
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P erso n a l D ata:
E ducation :




D ate o f  B ir th :  May 9, 1933
P lac e  o f B ir th :  Waynesboro, Tennessee
M a rita l  S ta tu s :  M arried , 3 c h i ld re n
Wayne County E lem entary  School, Waynesboro, Tennessee.
Wayne County High School, Waynesboro, Tennessee.
U n iv e rs ity  o f  N orth  Alabama, F lo ren ce , Alabama.
U n iv e rs ity  o f  Alabama, T uscaloosa , Alabama; m athem atics, 
B .A ., 1954.
V a n d e rb ilt U n iv e rs ity  and George Peabody C o llege ( j o i n t  
d e g re e ) , N a s h v ille , T ennessee; m athem atics and 
secondary  ed u c a tio n , M .A.T., 1955.
E as t Tennessee S ta te  U n iv e rs ity , Johnson C ity ,
T ennessee; su p e rv is io n  and a d m in is tra t io n ,  E d.D .,
1985.
T eacher, F a irv iew  J u n io r  High; m athem atics, 1955-58. 
Summer sch o o l te a c h e r  and s u b s t i tu t e ,  High School fo r  
U .S. M ili ta ry  D ependents; Yokohama, Japan , m athem atics, 
1960-62.
S u b s t i tu te  te a c h e r ,  E lem entary School fo r  U.S. M il i ta ry  
D ependents; 1960-62.
T eacher o f  m usic, P re s b y te r ia n  K in d erg a rten ; B r i s to l ,  
T ennessee , 1968-71.
Teacher o f  geom etry ( p a r t - t im e ) ,  T ennessee High School;
B r i s to l ,  T ennessee , 1973-77.
A s s is ta n t  P ro fe s so r  o f m athem atics, King C o llege;
B r i s to l ,  T ennessee , 1979- 
Southern  A sso c ia tio n  E v a lu a tio n  Team fo r  V o lun teer High 
School; S p rin g , 1984.
S u p erv is io n  R esidency, C e n tra l O ff ic e ; B r i s to l ,  Tennessee 
School System, S p rin g , 1984.
C on tinu ing  E ducation  T eacher, SAT/ACT Study C ourse,
King C o lleg e ; B r i s to l ,  T ennessee, 1980-83,
V a le d ic to r ia n , Wayne County High School, May, 1950. 
Honor R o ll , U n iv e rs ity  o f  N orth  Alabama and U n iv e rs ity  
o f  Alabama, 1950-54.
Ford F oundation  F e llo w sh ip , M .A.T., 1954-55.
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